
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Mail Stop Hatch- Waxman PTE .. 
Commissioner for Patents '^^^2 7 2010 

P.O. Box 1450 PATENT EXreiMsin 

Alexandria, VA 22313-1450 OPLA 
Dear Sir: 

APPLICATION FOR EXTENSION OF PATENT TERM UNDER 35 U.S.C. § 156 

Applicant Amgen Inc., a Delaware Corporation, represents that it is the assignee of the 
entire interest in and to Letters Patent of the United States No. 7,097,834 granted to William J. 
Boyle on August 29, 2006. The assignment from the inventor to Amgen Inc. was recorded on 
February 8, 2008, Reel 901 1, Frame 0702. 



Multiple applications for term extension are being filed based on the regulatory review 
period for PROLIA''"'^ (denosumab). The patents involved are: 



6,740,522 
7,097,834 
7,411,050 
7,449,185 
7,527,790. 



Applicant is aware that the term of only one patent may be extended for each regulatory 
review period. 35 U.S.C. § 156(c)(4). An election of only one patent will be made in 
accordance with 37 C.F.R. § 1.785(b) upon receipt of a notice of final determination in these 
applications from the U.S. Patent and Trademark Office. App\^^^§|^^g^cog|jg^|5i^2113i5 
processing of these applications by both the U.S. Patent and TM(Mxl&ik Office and the FoodlfliidB OP 
Drug Administration. 



Patent No 
Issue date 
Inventors 
For 



7,097,834 
August 29, 2006 
William J. Boyle 

OSTEOPROTEGERIN BINDING PROTEINS 



RECEIVED 



Notice Regarding Multiple Applications 



U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 

Information Required Under 37 C.F.R. $ 1.740 
Applicant hereby submits this application for an extension of patent term under 35 U.S.C. 
§ 156 by providing the following information as required by §1.740 of Title 37 of the code of 
Federal Regulations (37 C.F.R. § 1.740). 

1. The approved product is PROLIA™, a trademark owned by Amgen Inc., for 
denosumab, a fully human monoclonal antibody which binds to human RANKL. 

2. The approved product was subject to regulatory reviews under Section 505 of the 
Federal Food, Drug and Cosmetic Act, 21 U.S.C. § 355. 

3. The approved product PROLIA™ (denosumab) received permission for commercial 
marketing or use under § 505 of the Federal Food, Drug and Cosmetic Act, 21 U.S.C. § 355, on 
June 1,2010. 

4. The active ingredient in the approved product PROLIA™ is denosumab which has not 
been previously approved for commercial marketing or use under the Federal Food, Drug and 
Cosmetic Act, the Public Health Service Act, or the Virus-Serum-Toxin Act. No other active 
ingredients are contained in this product. 

5. This application for extension of patent term under 35 U.S.C. § 156 is being submitted 
within the sixty (60) day period permitted for submission pursuant to § 1.720(f). The last day for 
submitting an application for extension is July 30, 201 0. 

6. The complete identification of the patent for which an extension is being sought is as 
follows: 

Inventor William J. Boyle 

Patent No. 7,097,834 
Issue date August 29, 2006 

Expiration date November 1 1 , 20 1 8 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 



7. A copy of the patent for which an extension is being sought is attached hereto as 
Attachment "A". 

8. A receipt for maintenance fee payment for this patent is attached hereto as Attachment 
"B". No certificate of correction or reexamination certificate has been issued with respect to 
U.S. Patent No. 7,097,834. 

9. The patent claims the method of using the approved product PROLIA'^'^ (denosumab) 
in at least claims 1-3, 5-7, 10, 12-17, 19-21, 24-26 and 28-30, except for 12/4 and 28/18. 

In particular. Claims 1 and 15 read as follows. 

1 . A method of inhibiting bone resorption in a mammal in need thereof comprising 
administering to the mammal an antagonist antibody or binding fragment thereof 
which binds to the osteoprotegerin binding protein of SEQ ID NO: 39. 

15. A method of inhibiting osteoclastogenesis in a mammal in need thereof 

comprising administering to the mammal an antagonist antibody or fragment thereof 
which binds to the osteoprotegerin binding protein of SEQ ID NO: 39. 

A copy of the U.S. package insert for PROLIA'^'^ is attached hereto as Attachment "C." 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 

10. The relevant dates and information pursuant to 35 U.S.C. § 156(g) to enable the 
Secretary of Health and Human Services to determine the applicable regulatory review period 
are as follows: 

(i) the effective date of the investigational new drug (IND) application was June 21 , 
2001; 

(ii) the IND number was BB IND 9837; 

(iii) the date on which a biologic license application (BLA) was initially submitted 
was December 19, 2008; 

(iv) the BLA number was BL 125320; and 

(v) the date on which the BLA was approved was June 1 , 2010. 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 



1 1 . The following is a brief description of the significant activities undertaken by the 
marketing applicant (Amgen Inc.) during the applicable regulatory review period with respect to 
PROLIA™ (denosumab) and the significant dates applicable to such activities: 

(i) the effective date of the IND filing was June 21,2001; 

(ii) the clinical trials were performed in subjects having osteoporosis; 

(iii) the BLA application was submitted December 19, 2008; and 

(iv) the BLA was approved on June 1 , 201 0. 

A chronology of the activities undertaken by Amgen Inc. with respect to PROLIA™ from 
the effective date of the IND to the approval of the BLA is set forth in Attachment "D." 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 

12(A). It is the opinion of the Applicants that U.S. Patent No. 7,097,834 claims a method 
of using a product that has undergone a regulatory review which would be considered in 
determining any extension for patent under 35 U.S.C. § 156 for the following reasons: 

(i) U.S. Patent No. 7,097,834 claims the method of using a product (35 U.S.C. 
§ 156(a)); 

(ii) The term of U.S. Patent No. 7,097,834 has not expired before submission of this 
application for an extension (35 U.S.C. § 156(a)(1)); 

(iii) The term of U.S. Patent No. 7,097,834 has never been previously extended under 
35 U.S.C. § 156(e)(1) (35 U.S.C. § 156(a)(2)); 

(iv) The application for extension is submitted by the owners of record of U.S. Patent 
No. 7,097,834 in accordance with the requirements of 35 U.S.C. § 156(d), 37 
C.F.R. § 1.730, and 37 C.F.R. § 1.740 (35 U.S.C. § 156(a)(3)); 

(v) The product PROLIA™ (denosumab) has been subject to a regulatory review 
period before its commercial marketing or use (35 U.S.C. § 156(a)(4)); 

(vi) The product PROLIA™ (denosumab) has received permission for commercial 
marketing or use, and the permission for the commercial marketing or use of the 
product after the regulatory review period is the first permitted commercial 
marketing or use of the product under the provision of the Federal Food, Drug and 
Cosmetic Act, under which the regulatory review period occurred (35 U.S.C. 

§ 156(a)(5)(A)); 

(vii) No other patent has been extended for the same regulatory review period for the 
product PROLIA™ (denosumab) (35 U.S.C. § 1 56(c)(4)); and 

(viii) The owner of record of U.S. Patent No. 7,097,834 has hereby submitted an 
application to the Commissioner to obtain an extension of the term of the patent 
within the sixty (60) day period beginning on the date the product received 
permission for conmiercial marketing or use (35 U.S.C. § 156(d)(1)). 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 

12(B). The length of extension of the patent term of U.S. Patent No. 7,097,834 claimed 
by Applicants is 952 days. The length of extension was determined by the following: 

(i) The U.S. Patent No, 7,097,834 issued August 29, 2006, which was after the date 
of enactment of 35 U.S.C. § 156. The commercial marketing or use of the 
product, PROLIA™ (denosumab), was approved after the date of enactment of 35 
U.S.C. § 156. 

(ii) The regulatory review period under 35 U.S.C. § 156(g)(1)(B) was from June 21, 
2001, until June 1, 2010, which was 3268 days. 

(iii) The period of review under 35 U.S.C. § 156(g)(l)(B)(i) began on the date an 
exemption under § 505(i) became effective on June 21, 2001 and ended on the 
date an application was initially submitted for PROLIA™ (denosumab) under 
§ 505 which was December 19, 2008, a total of 2739 days. 

(iv) The regulatory review period under 35 U.S.C. § 156(g)(l)(B)(ii) began on the 
date the application was initially submitted for PRQLIA™ (denosumab), under 
§ 505(b), which was December 19, 2008 and ended on the date such application 
was approved under such section, which was June 1, 2010, a total of 530 days. 

(v) The issuance of U.S. Patent No. 7,097,834 occurred on August 29, 2006, which 
was 1896 days after the effective date of the IND application (June 21, 2001). 

(vi) In compliance with § 1 .775(d)(l)(i), the number of days in the period set forth in 
item (v) of this paragraph 12(B), i.e., 1896 days, is subtracted from the period 
determined under 35 U.S.C. § 156(g)(l)(B)(i), which is set forth in item (iii) of 
this paragraph 12(B), i.e., 2739 days, to provide an adjusted regulatory period 
under 35 U.S.C. § 156(g)(l)(B)(i) of 843 days. 

(vii) Under 35 U.S.C. § 1 56(c)(2), the period of extension includes only one-half of the 
period determined under 35 U.S.C. § 156(g)(l)(B)(i), which is set forth in item 
(vi) of this paragraph 12(B), which is 422 days, together with the number of days 
required for approval set forth in item (iv) of this paragraph 12(B), i.e., 530 days, 
for an extension of 952 days. 

(viii) In compliance with 35 U.S.C. § 156(c)(3), the period remaining in the term of 
U.S. Patent No. 7,097,834 after BLA approval of PROLIA™ (denosumab) is 
from June 1, 2010 to November 1 1, 2018, or 3086 days, which when added to the 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 



period of extension under item (vii) of this paragraph 12(8), i.e., 952 days, is a 
total of 4038 days, or 1 1 years and 19 days, which is not in excess of fourteen (14) 
years provided in 35 U.S.C. § 156(c)(3). Therefore, the period of extension 
claimed by Applicant is 952 days which would resuh in an expiration date of June 
19, 2021. 

13. AppHcant acknowledges a duty to disclose to the Commissioner of Patents and 
Trademarks and the Secretary of Health and Human Services any information which is material 
to the determination of entitlement to the extension sought in this application. 

14. The prescribed fee for receiving and acting upon the application for extension of 
$1,120.00 is enclosed with this application. Should additional fees be necessary in connection 
with the filing of this paper, or if a petition for extension of time is required for timely 
acceptance of same, the Commissioner is hereby authorized to charge Deposit Account No. 
06-0916 for any such fees. Should a refund of fee paid be necessary, the Commissioner is 
hereby authorized to credit any such amount to Deposit Account No. 06-0916. 

15. Inquiries and correspondence relating to this application for patent term extension are 
to be directed to the correspondence address associated with Customer No. 22852: 

Charles E. Van Horn 
Finnegan, Henderson, Farabow, 

Garrett & Dunner, LLP 
90 1 New York Avenue, N. W. 
Washington, D.C. 20001 
Telephone No. 202-408-4072 

16. Two additional copies of the application papers for extension of the patent term of 
U.S. Patent No. 7,097,834 are enclosed with the application. 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 



1 7. The undersigned is a registered practitioner of the United States Patent and 
Trademark Office and is authorized by the Applicant to act on behalf of the Applicant. 

Respectfully submitted, 



Date: TlllllQ 



Charles E. Van Horn 
Reg. No. 40,266 



Attachment A: Copy of USP 7,097,834 

Attachment B: Maintenance Fee Statement for USP 7,097,834 

Attachment C: Package Insert for PROLIA™ 

Attachment D: Brief Description of Regulatory Activities 
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U.S. Patent No. 7,097,834 
Attorney Docket No. 06843.0132 



CERTIFICATION 

The undersigned hereby certifies that this application for extension of patent term under 
35 U.S.C. § 156, including its attachments and supporting papers, is being submitted with two 
additional copies of originals. 



Date 7/27/10 



Charles E. Van Horn 
Reg. No. 40,266 
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ATTACHMENT A 



In re U.S. Patent No. 7,097,834 
Issued: August 29, 2006 
To: William J. Boyle 
Assignee: Amgen Inc. 

For: OSTEOPROTEGERIN BINDING PROTEINS 
Application for Patent Term Extension 
Customer No. 22852 



llllllillllllllDlllililllllllillillllHIIIIIIII 

US007097834B1 

(12) United States Patent (lo) Patent no.: us 7,097,834 Bi 

Boyle (45) Date of Patent: Aug. 29, 2006 



(54) OSTEOPROTEGERIN BINDING PROTEINS 

(75) Inventor: William J. Boyle, Moorpark, CA (US) 

(73) Assignee: Amgen Inc., Thousand Oaks, CA (US) 

( * ) Notice: Subject to any disclaimer, the term of this 
patent is extended or adjusted under 35 
U.S.C 154(b) by 574 days. 

(21) Appl. No.: 09/211,315 

(22) Filed: Dec. 14, 1998 

Related U.S. Application Data 

(63) Continuation of application No. 08/880,855, filed on 
Jun. 23, 1997, now abandoned, which is a continua- 
tion-in-part of application No. 08/842,842, filed on 
Apr. 16, 1997, now Pat. No. 5,843,678. 

(51) Int. CI. 

A61K 39/395 (2006.01) 
A61K 39/44 (2006.01) 

(52) U.S. C! 424/130.1; 424/133.1; 

424/134.1; 424/136.1 ; 424/139.1; 424/141.1; 

424/142.1 

(58) Field of Classification Search 536/24.5; 

514/44; 530/387.3, 387.7, 388.1, 388.15, 
530/388.2; 424/133.1, 134.1, 138.1, 139.1, 
424/141.1, 142.1, 143.1, 130.1, 136.1 
See application file for complete search history. 
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ABSTRACT 



A novel polypeptide, osteoprotegerin binding protein, 
involved in osteolcast maturation has been identified based 
upon its affinity for osteoprotegerin. Nucleic acid sequences 
encoding the polypeptide, or a fragment, analog or deriva- 
tive thereof, vectors and host cells for production, methods 
of preparing osteoprotegerin binding protein, and binding 
assays are also described. Compositions and methods for the 
treatment of bone diseases such as osteoporosis, bone loss 
due to arthritis or metastasis, hypercalcemia, and Paget' s 
disease are also provided. 
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FIG.7A 




Bone Marrow Cells + M-CSF-1 



FIG.7B 



Toluidine Blue Staining TRAPsUdmng 




Bone Marrow Cells + OPG Binding Protein 

FIG.7C 



Toluidine Blue Staining TRAP staining 




Bone Marrow Cells + M-CSF-1 +OPG Binding Protein 
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OSTEOPROTEGERIN BINDING PROTEINS 

This application is a continuation of application Ser. No. 
08/880,855, filed Jun. 23, 1997, now abandoned, which is a 
continuation-in-part of application Ser. No. 08/842,842, 5 
filed Apr. 16, 1997, now U.S. Pat. No. 5,843,678, which is 
hereby incorporated by reference. 

FIELD OF THE INVENTION 

10 

The present invention relates to polypeptides which are 
involved in osteoclast differentiation. More particularly, the 
invention relates to osteoprotegerin binding proteins, nucleic 
acids encoding the proteins, expression vectors and host 
cells for production of the proteins, and binding assays. 
Compositions and methods for the treatment of bone dis- 
eases, such as osteoporosis, bone loss from arthritis, Paget' s 
disease, and hypercalcemia, are also described. 

BACKGROUND OF THE INVENTION 

Living bone tissue exhibits a dynamic equilibrium 
between deposition and resorption of bone. These processes 
are mediated primarily by two cell types: osteoblasts, which ^5 
secrete molecules that comprise the organic matrix of bone; 
and osteoclasts, which promote dissolution of the bone 
matrix and solubilization of bone salts. In young individuals 
with growing bone, the rate of bone deposition exceeds the 
rate of bone resorption, while in older individuals the rate of 
resorption can exceed deposition. In the latter situation, the 
increased breakdown of bone leads to reduced bone mass 
and strength, increased risk of fractures, and slow or incom- 
plete repair of broken bones. 

Osteoclasts are large phagocytic multinucleated cells 35 
which are formed from hematopoietic precursor cells in the 
bone marrow. Although the growth and formation of mature 
functional osteoclasts is not well understood, it is thought 
that osteoclasts mature along the monocyte/macrophage cell 
lineage in response to exposure to various growth-promoting 40 
factors. Early development of bone marrow precursor cells 
to preosteoclasts are believed to mediated by soluble factors 
such as tumor necrosis factor-a (TNF-a), tumor necrosis 
factor-P (TNF-P), interleukin-1 (IL-1), interleukin-4 (IL-4), 
interleukin-6 (IL-6), and leukemia inhibitory factor (LIF), In 45 
culture, preosteoclasts are formed in the presence of added 
macrophage colony stimulating factor (M-CSF). These fac- 
tors act primarily in early steps of osteoclast development. 
The involvement of polypeptide factors in terminal stages of 
osteoclast formation has not been extensively reported. It 50 
has been reported, however, that parathyroid hormone 
stimulates the formation and activity of osteoclasts and that 
calcitonin has the opposite effect, although to a lesser extent. 

Recently, a new polypeptide factor, termed osteoprote- 
gerin (OPG), has been described which negatively regulated 55 
formation of osteoclasts in vitro and in vivo (see co-owned 
and co-pending U.S. Ser. No. 08/577,788 filed Dec. 22, 
1995, Ser. No. 08/706,945 filed Sep. 3, 1996, and Ser. No. 
08/771,777, filed Dec. 20, 1996, now abandoned, hereby 
incorporated by reference; and PCT Application No. W096/ 60 
26271). OPG dramatically increased the bone density in 
transgenic mice expressing the OPG polypeptide and 
reduced the extent of bone loss when administered to 
ovariectomized rats. An analysis of OPG activity in in vitro 
osteoclast formation revealed that OPG does not interfere 65 
with the growth and differentiation of monocyte/macroph- 
age precursors, but more likely blocks the differentiation of 
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osteoclasts from monocyte/macrophage precursors. Tlius 
OPG appears to have specificity in regulating the extent of 
osteoclast formation. 

OPG comprises two polypeptide domains having different 
structural and functional properties. The amino-terminal 
domain spanning about residues 22-194 of the full-length 
polypeptide (the N-terminal methionine is designated resi- 
due 1) shows homology to other members of the tumor 
necrosis factor receptor (TNFR) family, especially TNFR-2, 
through conservation of cysteine rich domains characteristic 
of TNFR family members. The carboxy terminal domain 
spanning residues 194-401 has no significant homology to 
any known sequences. Unlike a number of other TNFR 
family members, OPG appears to be exclusively a secreted 
protein and does not appear to be synthesized as a membrane 
associated form. 

Based upon its activity as a negative regulator of osteo- 
clast formation, it is postulated that OPG may bind to a 
polypeptide factor involved in osteoclast differentiation and 
thereby block one or more terminal steps leading to forma- 
tion of a mature osteoclast. 

It is therefore an object of the invention to identify 
polypeptides which interact with OPG. Said polypeptides 
may play a role in osteoclast maturation and may be useful 
in the treatment of bone diseases. 

SUMMARY OF THE INVENTION 

A novel member of the tumor necrosis factor family has 
been identified from a murine cDNA library expressed in 
COS cells screened using a recombinant OPG-Fc fusion 
protein as an aflBnity probe. The new polypeptide is a 
transmembrane OPG binding protein which is predicted to 
be 316 amino acids in length, and has an amino terminal 
cytoplasmic domain, a transmembrane doman, and a car- 
boxy terminal extracellular domain. OPG binding proteins 
of the invention may be membrane-associated or may be in 
soluble form. 

The invention provides for nucleic acids encoding an 
OPG binding protein, vectors and host cells expressing the 
polypeptide, and method for producing recombinant OPG 
binding protein. Antibodies or fragments thereof which 
specifically bind OPG binding protein are also provided. 

OPG binding proteins may be used in assays to quant itate 
OPG levels in biological samples, identify cells and tissues 
that display OPG binding protein, and identify new OPG and 
OPG binding protein family members. Methods of identi- 
fying compounds which interact with OPG binding protein 
are also provided. Such compounds include nucleic acids, 
peptides, proteins, carbohydrates, lipids or small molecular 
weight organic molecules and may act either as agonists or 
antagonists of OPG binding protein activity. 

OPG binding proteins are involved in osteoclast differ- 
entiation and the level of osteoclast activity in turn modu- 
lates bone resorption. OPG binding protein agonists and 
antagonists modulate osteoclast formation and bone resoip- 
tion and may be used to treat bone diseases characterized by 
changes in bone resorption, such as osteoporosis, hypercal- 
cemia, bone loss due to arthritis metastasis, immobilization 
or periodontal disease, Paget' s disease, osteopetrosis, pros- 
thetic loosening and the like. Pharmaceutical compositions 
comprising OPG binding proteins and OPG binding protein 
agonists and antagonists are also encompassed by the inven- 
tion. 
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DESCRIPTION OF THE FIGURES 

FIG. 1. (SEQ ID NO:36 and 37) Structure and sequence 
of the 32D-F3 insert encoding OPG binding protein. Pre- 
dicted transmembrane domain and sites for asparagine- 5 
linked carbohydrate chains are underlined. 

FIG. 2. OPG binding protein expression in COS-7 cells 
transfected with pcDNA/32D-F3. Cells were lipofected with 
pcDNA/32D-F3 DNA, the assayed for binding to either goat 
anti-human IgGl alkaline phosphatase conjugate (secondary lO 
alone), human OPG[22-201]-Fc plus secondary (OPG-Fc), 
or a chimeric ATAR extracellular domain-Fc fusion protein 
(sATAR-Fc). ATAR is a new member of the TNFR super- 
family, and the sATAR-Fc fusion protein serves as a control 
for both human IgGl Fc domain binding, and generic TNFR 15 
releated protein, binding to 32D cell surface molecules. 

FIG. 3. Expression of OPG binding protein in human 
tissues. Northern blot analysis of human tissue mRNA 
(Clontech) using a radiolabeled 32D-F3 derived hybridiza- 
tion probe. Relative molecular mass is indicated at the left 20 
in kilobase pairs (kb). Arrowhead on right side indicates the 
migration of an approximately 2.5 kb transcript detected in 
lymph node mRNA. A very faint band of the same mass is 
also detected in fetal liver. 

FIG. 4. (SEQ ID NO:38 and 39) Structure and sequence 25 
of the pcDNA/hu OPGbp I.l insert encoding the human 
OPG binding protein. The predicted transmembrane domain 
and site for asparagine-linked carbohydrate chains are 
underlined. 

FIG. 5. Stimulation of osteoclast development in vitro 30 
from bone marrow macrophage and ST2 cell cocultures 
treated with recombinant murine OPG binding protein [158- 
316]. Cultures were treated with varying concentrations of 
murine OPG binding protein ranging from 1.6 to 500 ng/ml 
. g» . After 8-10 days, cultures were lysed, and TRAP 35 
activity was measured by solution assay. In addition, some 
cultures were simultaneously treated with 1 (—<>—), 10 
(—0-.), 100 (— i>-), 500 (-0-.), and 1000 ng/ml (— o— ) 
of recombinant murine OPG [22-401 ]-Fc protein. Murine 
OPG binding protein induces a dose-dependent stimulation 40 
in osteoclast formation, whereas OPG [22-401 ]-Fc inhibits 
osteoclast formation. 

FIG. 6. Stimulation of osteoclast development from bone 
marrow precursors in vitro in the presence of M-CSF and 
murine OPG binding protein [158-316], Mouse bone mar- 45 
row was harvested, and cultured in the presence 250 
(_C^), 500 (— c^), 1000 (—A—), and 2000 U/ml (— o— ) 
of M-CSF. Varying concentrations of OPG binding protein 
[158-316], ranging from 1.6 to 500 ng/ml, were added to 
these same cultures. Osteoclast development was measured 50 
by TRAP solution assay. 

FIG. 7. Osteoclasts derived from bone marrow cells in the 
presence of both M-CSF and OPG binding protein [158- 
316] resorb bone in vitro. Bone marrow cells treated with 
either M-CSF, OPG binding protein, or with both factors 55 
combined, were plated onto bone slices in culture wells, and 
were allowed to develop/into mature osteoclasts. The result- 
ing cultures were then stained with Toluidine Blue (left 
column), or histochemically to detect TRAP enzyme activity 
(right column). In cultures receiving both factors, mature 60 
osteoclasts were formed that were capable of eroding bone 
as judged by the presence of blue stained pits on the bone 
surface. This correlated with the presence of muhiple large, 
multinucleated, TRAP positive cells. 

FIG. 8. Graph showing the whole blood ionized calcium 65 
(iCa) levels from mice injected with OPG binding protein, 
51 hours after the first injection, and in mice also receiving 
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concurrent OPG administration. OPG binding protein sig- 
nificantly and dose dependently increased iCa levels. OPG 
(1 mg/kg/day) completely blocked the increase in iCa at a 
dose of OPG binding protein of 5 ug/day, and partially 
blocked the increase at a dose of OPG binding protein of 25 
ug/day. (*), different to vehicle treated control (p<0.05). (#) 
OPG treated iCa level significantly different to level in mice 
receiving that dose of OPG binding protein alone (p<0.05). 

FIG. 9. Radiographs of the lefi femur and tibia in mice 
treated with 0, 5, 25 or 100 ug/day of OPG binding protein 
for 3.5 days. There is a dose dependent decrease in bone 
density evident most clearly in the proximal tibial metaphy- 
sis of these mice, and that is profound at a dose of 100 
ug/day. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention provides for a polypeptide referred to as an 
OPG binding protein, which specifically binds OPG and is 
involved in osteoclast differentiation. A cDNA clone encod- 
ing the murine form of the polypeptide was identified from 
a library prepared from a mouse myelomonocytic cell line 
32-D and transfected into COS cells. Transfectants were 
screened for their ability to bind to an OPG[22-201]-Fc 
fiision polypeptide (Example 1). The nucleic acid sequence 
revealed that OPG binding protein is a novel member of the 
TNF family and is most closely related to AGP-1 , a polypep- 
tide previously described in co-owned and co-pending U.S. 
Sen No. 08/660,562, filed Jun. 1, 1996, now abandoned. (A 
polypeptide identical to AGP-1 and designated TRAIL is 
described in Wiley et al. Immunity 3, 673-682 (1995)). OPG 
binding protein is predicted to be a type II transmembrane 
protein having a cytoplamsic domain at the amino terminus, 
a transmembrane domain, and a carboxy terminal extracel- 
lular domain (FIG. 1). The amino terminal cytoplasmic 
domain spans about residues 1^8, the transmembrane 
domain spans about residues 49-69 and the extracellular 
domain spans about residues 70-316 as shown in FIG. 1 
(SEQ ID NO:37). The membrane-associated protein specifi- 
cally binds OPG (FIG. 2). Thus OPG binding protein and 
OPG share many characteristics of a receptor-ligand pair 
although it is possible that other naturally-occurring recep- 
tors for OPG binding protein exist. 

A DNA clone encoding human OPG binding protein was 
isolated from a lymph node cDNA library. The human 
sequence (FIG. 4) is homologous to the murine sequence. 
Purified soluble murine OPG binding protein stimulated 
osteoclast formation in vitro and induced hypercalcemia and 
bone resorption in vivo. 

OPG binding protein refers to a polypeptide having an 
amino acid sequence of mammalian OPG binding protein, or 
a fragment, analog, or derivative thereof, and having at least 
the activity of binding OPG. In preferred embodiments, 
OPG binding protein is of murine or human origin. In 
another embodiment, OPG binding protein is a soluble 
protein having, in one form, an isolated extracellular domain 
separate from cytoplasmic and transmembrane domains. 
OPG binding protein is involved in osteoclast differentiation 
and in the rate and extent of bone resoiption, and was found 
to stimulate osteoclast formation and stimulate bone resorp- 
tion. 

Nucleic Acids 

The invention provides for isolated nucleic acids encod- 
ing OPG binding proteins. As used herein, the term nucleic 
acid comprises cDNA, genomic DNA, wholly or partially 
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synthetic DNA, and RNA. The nucleic acids of the invention 
are selected from the group consisting of: 

a) the nucleic acids as shown in FIG. 1 (SEQ ID NO: 36) 
arid FIG. 4 (SEQ ID NO: 38); 

b) nucleic acids which hybridize to the polypeptide cod- 5 
ing regions of the nucleic acids shown in FIG. 1 (SEQ ID 
NO: 36) and FIG. 4 (SEQ ID NO: 38); and remain hybrid- 
ized to the nucleic acids under high stringency conditions; 
and 

c) nucleic acids which are degenerate to the nucleic acids lo 
of (a) or (b). 

Nucleic acid hybridizations typically involve a multi-step 
process comprising a first hybridization step to form nucleic 
acid duplexes from single strands followed by a second 
hybridization step carried out under more stringent condi- 15 
tions to selectively retain nucleic acid duplexes having the 
desired homology. The conditions of the first hybridization 
step are generally not crucial, provided they are not of higher 
stringency than the second hybridization step. Generally, the 
second hybridization is carried out under conditions of high 20 
stringency, wherein *'high stringency" conditions refers to 
conditions of temperature and salt which are about 12-20° 
C. below the melting temperature (T^) of a perfect hybrid of 
part or all of the complementary strands corresponding to 
FIG. 1 (SEQ. ID. NO: 36) and FIG. 4 (SEQ ID NO: 38). In 25 
one embodiment, "high stringency" conditions refer to con- 
ditions of about 65° C. and not more than about IM Na+. It 
is understood that salt concentration, temperature and/or 
length of incubation may be varied in either the first or 
second hybridization steps such that one obtains the hybrid- 30 
izing nucleic acid molecules according to the invention. 
Conditions for hybridization of nucleic acids and calcula- 
tions of T^ for nucleic acid hybrids are described in Sam- 
brook et al. Molecular Cloning: A Laboratory Manual Cold 
Spring Harbor Laboratory Press, New York (1989). 35 

The nucleic acids of the invention may hybridize to part 
or all of the polypeptide coding regions of OPG binding 
protein as shown in FIG. 1 (SEQ ID NO: 37) and FIG. 4 
(SEQ ID NO: 39); and therefore may be truncations or 
extensions of the nucleic acid sequences shown therein. 40 
Truncated or extended nucleic acids are encompassed by the 
invention provided that they retain at least the property of 
binding OPG. In one embodiment, the nucleic acid will 
encode a polypeptide of at least about 10 amino acids. In 
another embodiment, the nucleic acid will encode a 45 
polypeptide of at least about 20 amino acids. In yet another 
embodiment, the nucleic acid will encode a polypeptide of 
at least about 50 amino acids. The hybridizing nucleic acids 
may also include noncoding sequences located 5' and/or 3' 
to the OPG binding protein coding regions. Noncoding 50 
sequences include regulatory regions involved in expression 
of OPG binding protein, such as promoters, enhancer 
regions, translational initiation sites, transcription termina- 
tion sites and the like. 

In preferred embodiments, the nucleic acids of the inven- 55 
tion encode mouse or human OPG binding protein. Nucleic 
acids may encode a membrane bound form of OPG binding 
protein or soluble forms which lack a functional transmem- 
brane region. The predicted transmembrane region for 
murine OPG binding protein includes amino acid residues 60 
49-69 inclusive as shown in FIG. 1 (SEQ. ID. NO: 37). The 
predicted transmembrane region for human OPG binding 
protein includes residues 49-69 as shown in FIG. 4 (SEQ ID 
NO: 39). Substitutions which replace hydrophobic amino 
acid residues in this region with neutral or hydrophilic 65 
amino acid residues would be expected to disrupt membrane 
association and result in soluble OPG binding protein. In 



addition, deletions of part or all the transmembrane region 
would also be expected to produce soluble forms of OPG 
binding protein. Nucleic acids encoding amino acid residues 

70- 316 as shown in FIG. 1 (SEQ ID NO: 37), or fragments 
and analogs thereof, encompass soluble OPG binding pro- 
teins. 

Nucleic acids encoding truncated forms of soluble human 
OPG binding proteins are also included. Soluble forms 
include residues 69-317 as shown in FIG. 4 (SEQ ID NO: 
38) and truncations thereof. In one embodiment, N-terminal 
truncations generate polypeptides from residues, 70-317, 

71- 317, 72-317, and so forth. In another embodiment, 
nucleic acids encode soluble OPGbp comprising residues 
69-317 and N-terminal truncations thereof up to OPGbp 
[158-317], or alternatively, up to OPGbp [166-317]. 

Plasmid phuOPGbp 1,1 in coli strain DHIO encoding 
human OPG binding protein was deposited with the Ameri- 
can Type Culture Collection, 10801 University Boulevard, 
Manassas, Va. 20110-2209 on Jun. 13, 1997. 

Nucleic acid sequences of the invention may be used for 
the detection of sequences encoding OPG binding protein in 
biological samples. In particular, the sequences may be used 
to screen cDNA and genomic libraries for related OPG 
binding protein sequences, especially those from other spe- 
cies. The nucleic acids are also useful for modulating levels 
of OPG binding protein by anti -sense technology or in vivo 
gene expression. Development of transgenic animals 
expressing OPG binding protein is useful for production of 
the polypeptide and for the study of in vivo biological 
activity. 

Vectors and Host Cells 

The nucleic acids of the invention will be linked with 
DNA sequences so as to express biologically active OPG 
binding protein. Sequences required for expression are 
known to those skilled in the art and include promoters and 
enhancer sequences for initiation of RNA synthesis, tran- 
scription termination sites, ribosome binding sites for the 
initiation of protein synthesis, and leader sequences for 
secretion. Sequences directing expression and secretion of 
OPG binding protein may be homologous, i.e., the 
sequences are identical or similar to those sequences in the 
genome involved in OPG binding protein expression and 
secretion, or they may be heterologous. A variety of plasmid 
vectors are available for expressing OPG binding protein in 
host cells (see, for example, Methods in Enzymology v. 185, 
Goeddel, D. V. ed., Academic Press (1990)). For expression 
in mammalian host cells, a preferred embodiment is plasmid 
pDSRa described in PCT Application No. 90/14363. For 
expression in bacterial host cells, preferred embodiments 
include plasmids harboring the lux promoter (see co-owned 
and co-pending U.S. Ser No. 08/577,778, filed Dec. 22, 
1995). In addition, vectors are available for the tissue- 
specific expression of OPG binding protein in transgenic 
animals. Retroviral and adeno virus-based gene transfer vec- 
tors may also be used for the expression of OPG binding 
protein in human cells for in vivo therapy (see PCT Appli- 
cation No. 86/00922). 

Procaryotic and eucaryotic host cells expressing OPG 
binding protein are also provided by the invention. Host 
cells include bacterial, yeast, plant, insect or mammalian 
cells. OPG binding protein may also be produced in trans- 
genic animals such as mice or goats. Plasmids and vectors 
containing the nucleic acids of the invention are introduced 
into appropriate host cells using transfection or transforma- 
tion techniques known to one skilled in the art. Host cells 
may contain DNA sequences encoding OPG binding protein 
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as shown in FIG. 1 or a portion thereof, such as the 
extracellular domain or the cytoplasmic domain. Nucleic 
acids encoding OPG binding proteins may be modified by 
substitution of codons which allow for optimal expression in 
a given host. At least some of the codons may be so-called 5 
preference codons which do not alter the amino acid 
sequence and are frequently found in genes that are highly 
expressed. However, it is understood that codon alterations 
to optimize expression are not restricted to the introduction 
of preference codons. Examples of preferred mammalian 10 
host cells for OPG binding protein expression include, but 
are not limited to COS, CHOd-, 293 and 3T3 cells. A 
preferred bacterial host cell is Escherichia coli. 

Polypeptides 

The invention also provides OPG binding protein as the 
product of procaryotic or eucaryotic expression of an exog- 
enous DNA sequence, i.e., OPG binding protein is recom- 
binant OPG binding protein. Exogenous DNA sequences 
include cDNA, genomic DNA and synthetic DNA 20 
sequences. OPG binding protein may be the product of 
bacterial, yeast, plant, insect or mammalian cells expression, 
or from cell-free translation systems. OPG binding protein 
produced in bacterial cells will have an N-terminal methion- 
ine residue. The invention also provides for a process of 25 
producing OPG binding protein comprising growing pro- 
caryotic or eucaryotic host cells transformed or transfected 
mih nucleic acids encoding OPG binding protein and iso- 
lating polypeptide expression products of the nucleic acids. 

Polypeptides which are mamalian OPG binding proteins 30 
or are fragments, analogs or derivatives thereof are encom- 
passed by the invention. In a preferred embodiment, the 
OPG binding protein is human OPG binding protein. A 
fragment of OPG binding protein refers to a polypeptide 
having a deletion of one or more amino acids such that the 35 
resulting polypeptide has at least the property of binding 
OPG. Said fragments will have deletions originating from 
the amino terminal end, the carboxy terminal end, and 
internal regions of the polypeptide. Fragments of OPG 
binding protein are at least about ten amino acids, at least 40 
about 20 amino acids, or at least about 50 amino acids in 
length. In preferred embodiments, OPG binding protein will 
have a deletion of one or more amino acids from the 
transmembrane region (amino acid residues 49-69 as shown 
in FIG. 1), or, alternatively, one or more amino acids from 45 
the amino -terminus up to and/or including the transmem- 
brane region (amino acid residues 1-49 as shown in FIG. 1). 
In another embodiment, OPG binding protein is a soluble 
protein comprising, for example, amino acid residues 
69-316, or 70-316, or N-terminal or C-terminal truncated 50 
forms thereof, which retain OPG binding activity. OPG 
binding protein is also a human soluble protein as shown in 
FIG. 4 comprising residues 69-317 as shown in FIG. 4 and 
N-terminal truncated forms thereof, e.g., 70-517, 71-517, 
71-317, 72-317 and so forth. In a preferred embodiment, the 55 
soluble human OPG binding protein comprising residues 
69-317 and N-terminal truncation thereof up to OPGbp 
[158-317], or alternatively up to OPG [166-317]. 

An analog of an OPG binding protein refers to a polypep- 
tide having a substitution or addition of one or more amino 60 
acids such that the resulting polypeptide has at least the 
property of binding OPG. Said analogs will have substitu- 
tions or additions at any place along the polypeptide. Pre- 
ferred analogs include those of soluble OPG binding pro- 
teins. Fragments or analogs may be naturally occurring, such 65 
as a polypeptide product of an allelic variant or a mRNA 
splice variant, or they may be constructed using techniques 
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available to one skilled in the art for manipulating and 
synthesizing nucleic acids. The polypeptides may or may not 
have an amino terminal methionine residue 

Also included in the invention are derivatives of OPG 
binding protein which are polypeptides that have undergone 
post-translational modifications (e.g., addition of N-linked 
or O- linked carbohydrate chains, processing of N-terminal 
or C-terminal ends), attachment of chemical moieties to the 
amino acid backbone, chemical modifications of N-linked or 
0-linked carbohydrate chains, and addition of an N-terminal 
methionine residue as a result of procaryotic host cell 
expression. In particular, chemically modified derivatives of 
OPG binding protein which provide additional advantages 
such as increased stability, longer circulating time, or 
decreased immunogenicity are contemplated. Of particular 
use is modification with water soluble polymers, such as 
polyethylene glycol and derivatives thereof (see for example 
U.S. Pat. No. 4,179,337). The chemical moieties for deriv- 
itization may be selected from water soluble polymers such 
as polyethylene glycol, ethylene glycol/propylene glycol 
copolymers, carboxymethyl cellulose, dextran, polyvinyl 
alcohol and the like. The polypeptides may be modified at 
random positions within the molecule, or at predetermined 
positions within the molecule and may include one, two, 
three or more attached chemical moieties. Polypeptides may 
also be modified at pre-determined positions in the polypep- 
tide, such as at the amino terminus, or at a selected lysine or 
arginine residue within the polypeptide. Other chemical 
modificaitons provided include a detectable label, such as an 
enzymatic, fluorescent, isotopic or afiSnity label to allow for 
detection and isolation of the protein. 

OPG binding protein chimeras comprising part or all of an 
OPG binding protein amino acid sequence fused to a het- 
erologous amino acid sequence are also included. The 
heterologous sequence may be any sequence which allows 
the resulting fusion protein to retain the at least the activity 
of binding OPG. In a preferred embodiment, the carboxy 
terminal extracellular domain of OPG binding protein is 
fused to a heterologous sequence. Such sequences include 
heterologous cytoplasmic domains that allow for alternative 
intracellular signalling events, sequences which promote 
oligomerization such as the Fc region of IgG, enzyme 
sequences which provide a label for the polypeptide, and 
sequences which provide aflSnity probes, such as an antigen- 
antibody recognition. 

The polypeptides of the invention are isolated and purified 
from tissues and cell lines which express OPG binding 
protein, either extracted from ly sates or from conditioned 
growth medium, and from transformed host cells expressing 
OPG binding protein. OPG binding protein may be obtained 
from murine myelomonocytic cell line 32-D (ATCC acces- 
sion no. CRL-11346). Human OPG binding protein, or 
nucleic acids encoding same, may be isolated from human 
lymph node or fetal liver tissue. Isolated OPG binding 
protein is free from association with human proteins and 
other cell constituents, 

A method for the purification of OPG binding protein 
from natural sources (e.g. tissues and cell lines which 
normally express OPG binding protein) and from transfected 
host cells is also encompassed by the invention. The puri- 
fication process may employ one or more standard protein 
purification steps in an appropriate order to obtain purified 
protein. The chromatography steps can include ion 
exchange, gel filtration, hydrophobic interaction, reverse 
phase, chromatofocusing, afiSnity chromatography employ- 
ing an anti-OPG binding protein antibody or biotin-strepta- 
vidin affinity complex and the like. 
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Antibodies 

Antibodies specifically binding the polypeptides of the 
invention are also encompassed by the invention. The anti- 
bodies may be produced by immunization with full-length 
OPG binding protein, soluble forms of OPG binding protein, ^ 
or a fragment thereof The antibodies of the invention may 
be polyclonal or monoclonal, or may be recombinant anti- 
bodies, such as chimeric antibodies wherein the murine 
constant regions on light and heavy chains are replaced by 
human sequences, or CDR-grafted antibodies wherein only 
the complementary determining regions are of murine ori- 
gin. Antibodies of the invention may also be human anti- 
bodies prepared, for example, by immunization of trans- 
genic animals capable of producing human antibodies (see, 
for example, PCT Application No. W093/12227). The anti- 
bodies are useful for detecting OPG binding protein in 
biological samples, thereby allowing the identification of 
cells or tissues which produce the protein In addition, 
antibodies which bind to OPG binding protein and block 20 
interaction with other binding compounds may have thera- 
peutic use in modulating osteoclast diflferentiation and bone 
resorption. 

Antibodies to the OPG binding protein may be usellil in 
treatment of bone diseases such as, osteoporosis and Paget *s 25 
disease. Antibodies can be tested for binding to the OPG 
binding protein in the absence or presence of OPG and 
examined for their ability to inhibit ligand (OPG binding 
protein) mediated osteoclastogenesis and/or bone resorp- 
tion. It is also anticipated that the peptides themselves may 30 
act as an antagonist of the ligand: receptor interaction and 
inhibit ligand-mediated osteoclastogenesis, and peptides of 
the OPG binding protein will be explored for this purpose as 
well. 

Compositions '^^ 

The invention also provides for pharmaceutical compo- 
sitions comprising a therapeutically effective amount of the 
OPG binding protein of the invention together with a 
pharmaceutical ly acceptable diluent, carrier, solubilizer, 40 
emulsifier, preservative and/or adjuvant. The invention also 
provides for pharmaceutical compositions comprising a 
therapeutically effective amount of an OPG binding protein 
agonist or antagonist. The term "therapeutically effective 
amount" means an amount which provides a therapeutic 45 
effect for a specified condition and route of administration. 
The composition may be in a liquid or lyophilized form and 
comprises a diluent (Tris, acetate or phosphate buffers) 
having various pH values and ionic strengths, solubilizer 
such as Tween or Polysorbate, carriers such as human serum 50 
albumin or gelatin, preservatives such as thimerosal or 
benzyl alcohol, and antioxidants such as ascrobic acid or 
sodium metabisulfite. Selection of a particular composition 
will depend upon a number of factors, including the condi- 
tion being treated, the route of administration and the 55 
pharmacokinetic parameters desired. A more extensive sur- 
vey of component suitable for pharmaceutical compositions 
is found in Remington's Pharmaceutical Sciences, 18th ed. 
A. R. Gennaro, ed. Mack, Easton, Pa. (1980). 

In a preferred embodiment, compositions comprising 60 
soluble OPG binding proteins are also provided. Also 
encompassed are compositions comprising soluble OPG 
binding protein modified with water soluble polymers to 
increase solubility, stability, plasma half-life and bioavail- 
ability. Compositions may also comprise incorporation of 65 
soluble OPG binding protein into liposomes, microemul- 
sions, micelles or vesicles for controlled delivery over an 
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extended period of time. Soluble OPG binding protein may 
be formulated into microparticles suitable for pulmonary 
administration. 

Compositions of the invention may be administered by 
injection, either subcutaneous, intravenous or intramuscular, 
or by oral, nasal, pulmonary or rectal administration. The 
route of administration eventually chosen will depend upon 
a number of factors and may be ascertained by one skilled 
in the art. 

The invention also provides for pharmaceutical compo- 
sitions comprising a therapeutically effective amount of the 
nucleic acids of the invention together with a pharmaceuti- 
cally acceptable adjuvant. Nucleic acid compositions will be 
suitable for the delivery of part or all of the coding region of 
OPG binding protein and/or flanking regions to cells and 
tissues as part of an anti -sense therapy regimen. 

Methods of Use 

OPG binding proteins may be used in a variety of assays 
for detecting OPG and characterizing interactions with 
OPG. In general, the assay comprises incubating OPG 
binding protein with a biological sample containing OPG 
under conditions which permit binding to OPG to OPG 
binding protein, and measuring the extent of binding. OPG 
may be purified or present in mixtures, such as in body fluids 
or culture medium. Assays may be developed which are 
qualitative or quantitative, with the latter being useful for 
determining the binding parameters (afiinity constants and 
kinetics) of OPG to OPG binding protein and for quantitat- 
ing levels of biologically active OPG in mixtures. Assays 
may also be used to evaluate the binding of OPG to 
fragments, analogs and derivatives of OPG binding protein 
and to identify new OPG and OPG binding protein family 
members. 

Binding of OPG to OPG binding protein may be carried 
out in several formats, including cell-based binding assays, 
membrane binding assays, solution-phase assays and immu- 
noassays. In general, trace levels of labeled OPG are incu- 
bated with OPG binding protein samples for a specified 
period of time followed by measurement of bound OPG by 
filtration, electrochemiluminescent (ECL, ORIGEN system 
by IGEN), cell-based or immunoassays. Homogeneous 
assay technologies for radioactivity (SPA; Amersham) and 
time resolved fluoresence (HTRF, Packard) can also be 
implemented. Binding is detected by labeling OPG or an 
anti-OPG antibody with radioactive isotopes (1251, 35S, 
3H), fluorescent dyes (fluorescein), lanthanide (Eu3+) che- 
lates or cryptates, orbipyridyl -ruthenium (Ru2+) complexes. 
It is understood that the choice of a labeled probe will 
depend upon the detection system used. Alternatively, OPG 
may be modified with an unlabled epitope tag (e.g., biotin, 
peptides, Hisg, myc) and bound to proteins such as strepta- 
vidin, anti-peptide or anti-protein antibodies which have a 
detectable label as described above. 

In an alternative method, OPG binding protein may be 
assayed directly using polyclonal or monoclonal antibodies 
to OPG binding proteins in an immunoassay. Additional 
forms of OPG binding proteins containing epitope tags as 
described above may be used in solution and immunoassays. 

Methods for indentifying compounds which interact with 
OPG binding protein are also encompassed by the invention. 
The method comprises incubating OPG binding protein with 
a compound under conditions which permit binding of the 
compound to OPG binding protein, and measuring the 
extent of binding. The compound may be substantially 
purified or present in a crude mixture. Binding compounds 
may be nucleic acids, proteins, peptides, carbohydrates, 
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lipids or small molecular weight organic compounds. The 
compounds may be ftirther cliaracterized by their ability to 
increase or decrease OPG binding protein activity in order to 
determine whether they act as an agonist or an antagonist. 

OPG binding proteins are also useful for identification of 
intracellular proteins which interact with the cytoplasmic 
domain by a yeast two-hybrid screening process. As an 
example, hybrid constructs comprising DNA encoding the 
N-terminal 50 amino acids of an OPG binding protein fused 
to a yeast GAL4-DNA binding domain may be used as a 
two-hybrid bait plasmid. Positive clones emerging from the 
screening may be characterized further to identify interact- 
ing proteins. This information may help elucidate a intrac- 
ellular signaling mechanism associated with OPG binding 
protein and provide intracellular targets for new drugs that 
modulate bone resorption. 

OPG binding protein may be used to treat conditions 
characterized by excessive bone density. The most common 
condition is osteopetrosis in which a genetic defect results in 
elevated bone mass and is usually fatal in the first few years 
of life. Osteopetrosis is preferably treated by administration 
of soluble OPG binding protein. 

The invention also encompasses modulators (agonists and 
antagonists) of OPG binding protein and the methods for 
obtaining them. An OPG binding protein modulator may 
either increase or decrease at least one activity associated 
with OPG binding protein, such as ability to bind OPG or 
some other interacting molecule or to regulate osteoclast 
maturation. Typically, an agonist or antagonist may be a 
co-factor, such as a protein, peptide, carbohydrate, lipid or 
small molecular weight molecule, which interacts with OPG 
binding protein to regulate its activity. Potential polypeptide 
antagonists include antibodies which react with either 
soluble or membrane-associated forms of OPG binding 
protein, and soluble forms of OPG binding protein which 
comprise part or all of the extracellular domain of OPG 
binding protein. Molecules which regulate OPG binding 
protein expression typically include nucleic acids which are 
complementary to nucleic acids encoding OPG binding 
protein and which act as anti-sense regulators of expression. 

OPG binding protein is involved in controlling formation 
of mature osteoclasts, the primary cell type implicated in 
bone resorption. An increase in the rate of bone resorption 
(over that of bone formation) can lead to various bone 
disorders collectively referred to as osteopenias, and include 
osteoporosis, osteomyelitis, hypercalcemia, osteopenia 
brought on by surgery or steroid administration, Paget' s 
disease, osteonecrosis, bone loss due to rheumatoid arthritis, 
periodontal bone loss, immobilization, prosthetic loosing 
and osteolytic metastasis. Conversely, a decrease in the rate 
of bone resorption can lead to osteopetrosis, a condition 
marked by excessive bone density. Agonists and antagonists 
of OPG binding protein modulate osteoclast formation and 
may be administered to patients su£fering from bone disor- 
ders. Agonists and antagonists of OPG binding protein used 
for the treatment of osteopenias may be administered alone 
or in combination with a therapeutically eflFective amount of 
a bone growth promoting agent including bone morphogenic 
factors designated BMP-1 to BMP-12, transforming growth 
factor- p and TGF-p family members, fibroblast growth 
factors FGF-1 to FGF-10, interleukin- 1 inhibitors, TNFa 
inhibitors, parathyroid hormone, E series prostaglandins, 
bisphosphonates and bone-enhancing minerals such as fluo- 
ride and calcium. Antagonists of OPG binding proteins may 
be particularly useful in the treatment of osteopenia. 
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The following examples are offered to more fully illus- 
trate the invention, but are not construed as limiting the 
scope thereof. 

EXAMPLE 1 

Identification of a Cell Line Source for an OPG 
Binding Protein 

Osteoprotegerin (OPG) negatively regulates osteoclasto- 
genesis in vitro and in vivo. Since OPG is a TNFR-related 
protein, it is likely to interact with a TNF-related family 
member while mediating its effects. With one exception, all 
15 known members of the TNF superfamily are type 11 trans- 
membrane proteins expressed on the cell surface. To identify 
a source of an OPG binding protein, recombinant OPG-Fc 
fusion proteins were used as immunoprobes to screen for 
OPG binding proteins located on the surface of various cell 
20 lines and primary hematopoietic cells. 

Cell lines that grew as adherent cultures in vitro were 
treated using the following methods: Cells were plated into 
24 well tissue culture plates (Falcon), then allowed to grow 
2^ to approximately 80% confluency. The growth media was 
then removed, and the adherent cultures were washed with 
phosphate buffered saline (PBS) (Gibco) containing 1% fetal 
calf serum (FCS). Recombinant mouse OPG [22-194]-Fc 
and human OPG [22-20 1]-Fc fusion proteins (see U.S. Ser. 
30 No. 08/706,945 filed Sep. 3, 1996 now U.S. Pat. No. 
6,369,027) were individually diluted to 5 ug/ml in PBS 
containing 1% FCS, then added to the cultures and allowed 
to incubate for 45 min at 0° C. The OPG-Fc fusion protein 
solution was discarded, and the cells were washed in PBS- 
35 FCS solution as described above. The cultures were then 
exposed to phycoeyrthrin-conguated goat F(ab') anti -human 
IgG secondary antibody (Southern Biotechnology Associ- 
ates Cat. # 2043-09) diluted into PBS-FCS. After a 30-45 
min incubation at 0° C, the solution was discarded, and the 
cultures were washed as described above. The cells were 
then analysed by immuno fluorescent microscopy to detect 
cell lines which express a cell surface OPG binding protein. 
Suspension cell cultures were analysed in a similar man- 
43 ner with the following modifications: The diluent and wash 
buffer consisted of calcium- and magnesium-free phosphate 
buffered saline containing 1% FCS. Cells were harvested 
from exponentially replicating cultures in growth media, 
pelleted by centrifligation, then resuspended at 1x10^ cells/ 
50 ml in a 96 well microtiter tissue culture plate (Falcon). Cells 
were sequentially exposed to recombinant OPG-Fc fusion 
proteins, then secondary antibody as described above, and 
the cells were washed by centrifugation between each step. 
The cells were then analysed by fluorescence activated cell 
55 sorting (FACS) using a Becton Dickinson FACscan. 

Using this approach, the murine myelomonocytic cell line 
32D (ATCC accession no. CRL-11346) was found to 
express a surface molecule which could be detected with 
both the mouse OPG[22-194]-Fc and the human OPG[22- 
60 201]-Fc fusion proteins. Secondary antibody alone did not 
bind to the surface of 32D cells nor did purified human IgGl 
Fc, indicating that binding of the OPG-Fc fusion proteins 
was due to the OPG moiety. This binding could be competed 
in a dose dependent maimer by the addition of recombinant 
65 murine or human OPG[22-401] protein. Thus the OPG 
region required for its biological activity is capable of 
specifically binding to a 32D-derived surface molecule. 
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EXAMPLE 2 

Expression Cloning of a Murine OPG Binding 
Protein 

A cDNA library was prepared from 32D mRNA, and 
ligated into the mammalian expression vector pcDNA3.1(+) 
(Invitrogen, San Diego, Calif.)- Exponentially growing 32D 
cells maintained in the presence of recombinant interleu- 
kin-3 were harvested, and total cell RNA was purified by 
acid guanidinium thiocyanate-phenol-chloroform extraction 
(Chomczynski and Sacchi. Anal. Biochem. 162, 156-159, 
(1987)). The poly (A+) mRNA fraction was obtained from 
the total RNA preparation by adsorption to, and elution 
from, Dynabeads Oligo (dT)25 (Dynal Corp) using the 
manufacturer's recommended procedures. A directional, 
oligo-dT primed cDNA library was prepared using the 
Superscript Plasmid System (Gibco BRL, Gaithersburg, 
Md.) using the manufacturer's recommended procedures. 
The resulting cDNA was digested to completion with Sal 1 
and Not I restriction endonuclease, then fractionated by size 
exclusion gel chromatography. The highest molecular 
weight fractions were selected, and then ligated into the 
polyliker region of the plasmid vector pcDNA3.1(+) (Invit- 
rogen, San Diego, Calif.). This vector contains the CMV 
promotor upstream of multiple cloning site, and directs high 
level expression in eukaryotic cells. The library was then 
electroporated into competent E. coli (ElectroMAX DHIOB, 
Gibco, N.Y.), and titered on LB agar containing 100 ug/ml 
ampicillin. The library was then arrayed into segregated 
pools containing approximately 1000 clones/pool, and 1.0 
ml cultures of each pool were grown for 16-20 hr at 37** C. 
Plasmid DNA from each culture was prepared using the 
Qiagen Qiawell 96 Ultra . Plasmid Kit (catalog #16191) 
following manufacturer's recommended procedures. 

Arrayed pools of 32 D cDNA expression library were 
individually lipofected into COS-7 cultures, then assayed for 
the acquisition of a cell surface OPG binding protein. To do 
this, COS-7 cells were plated at a density of 1x10^ per ml in 
six-well tissue culture plates (Costar), then cultured over- 
night in DMEM (Gibco) containing 10% PCS. Approxi- 
mately 2 ^ig of plasmid DNA from each pool was diluted into 
0.5 ml of serum-free DMEM, then sterilized by centrifuga- 
tion through a 0.2 |im Spin-X column (Costar). Simulta- 
neously, 10 |il of Lipofectamine (Life Technologies Cat U 
18324-012) was added to a separate tube containing 0,5 ml 
of serum-free DMEM. The DNA and Lipofectamine solu- 
tions were mixed, and allowed to incubate at RT for 30 min. 
The COS-7 cell cultures were then washed with serum-free 
DMEM, and the DNA- lipofectamine complexes were 
exposed to the cultures for 2-5 hr at 37** C. After this period, 
the media was removed, and replaced with DMEM contain- 
ing 10% PCS. The cells were then cultured for 48 hr at 7>T 
C. 

To detect cultures that express an OPG binding protein, 
the growth media was removed, and the cells were washed 
with PBS-FCS solution. A 1.0 ml volume of PBS-FCS 
containing 5 ^g/ml of human OPG[22-201]-Fc fusion pro- 
tein was added to each well and incubated at RT for 1 hr. The 
cells were washed three times with PBS-FCS solution, and 
then fixed in PBS containing 2% paraformaldehyde and 
0.2% glutaraldehyde in PBS at RT for 5 min. The cultures 
were washed once with PBS-FCS, then incubated for 1 hr at 
65** C. while immersed in PBS-FCS solution. The cultures 
were allowed to cool, and the PBS-FCS solution was aspi- 
rated. The cultures were then incubated with an alkaline- 
phosphatase conjugated goat anti-human IgG (Fc specific) 
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antibody (SIGMA Product U A-9544) at Rt for 30 min, then 
washed three-times with 20 mM Tris-Cl (pH 7.6), and 137 
mM NaCl. Immune complexes that formed during these 
steps were detected by assaying for alkaline phosphatase 

5 activity using the Fast Red TR/AS-MX Substrate Kit 
(Pierce, Cat. # 34034) following the manufacturer's recom- 
mended procedures. 

Using this approach, a total of approximately 300,000 
independent 32D cDNA clones were screened, represented 

10 by 300 transfected pools of 1000 clones each. A single well 
was identifed that contained cells which acquired the ability 
to be specifically decorated by the OPG-Fc fusion protein. 
This pool was subdivided by sequential rounds of sib 
selection, yeilding a single plasmid clone 32D-F3 (FIG. 1). 

15 32D-F3 plasmid DNA was then transfected into COS-7 
cells, which were immunostained with either FITC-conju- 
gated goat anti -human IgG secondary antibody alone, 
human OPG[22-201]-Fc fusion protein plus secondary, or 
with ATAR-Fc fusion protein (ATAR also known as HVEM; 

20 Montgomery et al Cell 87, 427-436 (1996)) (FIG. 2). The 
secondary antibody alone did not bind to COS-7/32D-F3 
cells, nor did the ATAR-Fc fusion protein. Only the OPG Fc 
fusion protein bound to the COS-7/32D-F3 cells, indicating 
that 32D-F3 encoded an OPG binding protein displayed on 

25 the surface of expressing cells. 

EXAMPLE 3 
OPG Binding Protein Sequence 

30 

The 32D-F3 clone isolated above contained an approxi- 
mately 2.3 kb cDNA insert (FIG. 1), which was sequenced 
in both directions on an Applied Biosy stems 373 A auto- 
mated DNA sequencer using primer-driven Taq dye-termi- 

35 nator reactions (Applied Biosystems) following the manu- 
facturer's recommended procedures. The resulting 
nucleotide sequence obtained was compared to the DNA 
sequence database using the FASTA program (GCG, 
Univeristy of Wisconsin), and analysed for the presence of 
long open reading frames (LORF's) using the "Six- way 
open reading frame" application (Frames) (GCG, Univeristy 
of Wisconsin). A LORF of 316 amino acid (aa) residues 
beginning at methionine was detected in the appropriate 

45 orientation, and was preceded by a 5' untranslated region of 
about 150 bp. The 5' untranslated region contained an 
in-frame stop codon upstream of the predicted start codon. 
This indicates that the structure of the 32D-F3 plasmid is 
consistent with its ability to utilize the CMV promotor 
region to direct expression of a 316 aa gene product in 
mammalian cells. 

The predicted OPG binding protein sequence was then 
compared to the existing database of known protein 

55 sequences using a modified version of the FASTA program 
(Pearson, Meth. Enzymol. 183, 63-98 (1990)). The amino 
acid sequence was also analysed for the presence of specific 
motifs conserved in all known members of the tumor 
necrosis factor (TNF) superfamily using the sequence profile 
method of (Gribskov et al Proc. Natl. Acad. Sci. USA 83, 
4355-4359 (1987)), as modified by Luethy et al. Protein Sci. 
3, 139-146 (1994)). There appeared to be significant homol- 
ogy throughout the OPG binding protein to several members 

65 of the TNF superfamily. The mouse OPG binding protein 
appear to be most closely related to the mouse and human 
homologs of both TRAIL and CD40 ligand. Further analysis 
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of the OPG binding protein sequence indicated a strong 
match to the TNF superfamily, with a highly significant Z 
score of 19.46. 

The OPG binding protein amino acid sequence contains a 
probable hydrophobic transmembrane domain that begins at ^ 
a M49 and extends to L69, Based on this configuration 
relative to the methionine start codon, the OPG binding 
protein is predicted to be a type II transmembrane protein, 
with a short N-terminal intracellular domain, and a longer 
C-terminal extracellular domain (FIG. 4). This would be 
similar to all known TNF family members, with the excep- 
tion of lymphotoxin alpha (Nagata and Golstein, Science 
267, 1449-1456 (1995)). 

EXAMPLE 4 

Expression of Human OPG Binding Protein mRNA 

Multiple human tissue northern blots (Clontech, Palo 20 
Alto, Calif.) were probed with a '^P-dCTP labelled 32D-F3 
restriction fragment to detect the size of the human transcript 
and to determine patterns of expression. Northern blots were 
prehybridized in 5xSSPE, 50% formamide, 5x Denhardt's 
solution, 0.5% SDS, and 100 ^ig/ml denatured salmon sperm 25 
DNA for 2-4 hr at 42° G. The blots were then hybridized in 
5xSSPE, 50% formamide, 2x Denhardt's solution, 0.1% 
SDS, 100 |ig/ml denatured salmon sperm DNA, and 5 ng/ml 
labelled probe for 18-24 hr at 42° C. The blots were then 
washed in 2xSSC for 10 min at RT, IxSSC for 10 min at 50^ 3^ 
C., then in 0.5xSSC for 10-15 min. 

Using a probe derived from the mouse cDNA and hybrid- 
ization under stringent conditions, a predominant mRNA 
species with a relative molecular mass of about -2. 5 kb was 
detected in lymph nodes (FIG. 3). A faint signal was also 35 
detected at the same relative molecular mass in fetal liver 
mRNA. No OPG binding protein transcripts were detected 
in the other tissues examined. The data suggest that expres- 
sion of OPG binding protein mRNA was extremely 
restricted in human tissues. The data also indicate that the 40 
cDNA clone isolated is very close to the size of the native 
transcript, suggesting 32D-F3 is a full length clone. 

EXAMPLE 5 

45 

Molecular Cloning of the Human OPG Binding 
Protein 

The human homolog of the OPG binding protein is 
expressed as an approximately 2.5 kb mRNA in human 50 
peripheral lymph nodes and is detected by hybridization 
with a mouse cDNA probe under stringent hybdization 
conditions. DNA encoding human OPG binding protein is 
obtained by screening a human lymph node cDNA library by 
either recombinant bacteri phage plaque, or transformed bac- 55 
terial colony, hybridiziation methods (Sambrook et al. 
Molecular Cloning: A Laboratory Manual Cold Spring 
Harbor Press, New York (1989)). To this the phage or 
plasmid cDNA library are screened using radioactively- 
labeled probes derived from the murine OPG binding pro- 60 
tein clone 32D-F3. The probes are used to screen nitrocel- 
lulose filter lifted from a plated library. These filters are 
prehybridized and then hybridized using conditions speci- 
fied in Example 4, ultimately giving rise to purified clones 
of the human OPG binding protein cDNA: Inserts obtained 65 
from any human OPG binding protein clones would be 
sequenced and analysed as described in Example 3. 
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A human lymph node poly A+ RNA (Clontech, Inc., Palo 
Alto, Calif.) was analysed for the presence of OPG-bp 
transcripts as previously in U.S. Sen No. 08/577,788, filed 
Dec. 22, 1995. A northern blot of this RNA sample probed 
under stringent conditions with a 32P-labeled mouse OPG- 
bp probe indicated the presence of human OPG-bp tran- 
scripts. An oligo dT-primed cDNA library was then synthe- 
sized from the lymph node mRNA using the Superscript kit 
(GIBCO life Technologies, Gaithersberg, Md.) as described 
in example 2. The resulting cDNA was size selected, and the 
high molecular fraction ligated to plasmid vector pcDNA 3 . 1 
(+) (Invitrogen, San Diego, Calif.). Electrocompetent E. coli 
DHIO (GIBCO life Technologies, Gaithersberg, Md.) were 
transformed, and 1x10* ampicillin resistant transformants 
were screened by colony hybridization using a 32P-labeled 
mouse OPG binding protein probe. 

A plasmid clone of putative human OPG binding protein 
cDNA was isolated, phuOPGbp- 1 . 1 , and contained a 2.3 kp 
insert. The resulting nucleotide sequence of the phuOPGbp- 
1.1 insert was approximately 80-85% homologous to the 
mouse OPG binding protein cDNA sequence. Translation of 
the insert DNA sequence indicated the presence of a long 
open reading frame predicted to encode a 31 7 aa polypeptide 
(FIG. 4). Comparison of the mouse and human OPG-bp 
polypeptides shows that they are -87% identical, indicating 
that this protein is highly conserved during evolution. 

The human OPG binding protein DNA and protein 
sequences were not present in Genbank, and there were no 
homologus EST sequences. As with the murine homolog, 
the human OPG binding protein shows strong sequence 
similarity to all members of the TNFa superfamily of 
cytokines. 

EXAMPLE 6 

Cloning and Bacterial Expression of OPG Binding 
Protein 

PGR amplification employing the primer pairs and tem- 
plates described below are used to generate various forms of 
murine OPG binding proteins. One primer of each pair 
introduces a TAA stop codon and a unique Xhol or SacII site 
following the carboxy terminus of the gene. The other 
primer of each pair introduces a unique Ndel site, a N-ter- 
minal methionine, and optimized codons for the amino 
terminal portion of the gene. PCR and thermocycling is 
performed using standard recombinant DNA methodology. 
The PCR products are purified, restriction digested, and 
inserted into the unique Ndel and Xhol or SacII sites of 
vector pAMG21 (ATCC accession no. 98113) and trans- 
formed into the prototrophic E. coli 393 or 2596. Other 
commonly used E. coli expression vectors and host cells are 
also suitable for expression. After transformation, the clones 
are selected, plasmid DNA is isolated and the sequence of 
the OPG binding protein insert is confirmed. 

pAMG21 -Murine OPG Binding Protein [75-316] 

This construct was engineered to be 242 amino acids in 
length and have the following N-terminal and C-terminal 

residues, NH2-Met(75)-Asp-Pro-Asn-Arg Gln-Asp- 

Ile-Asp(316)-COOH (SEQ ID NO: 1). The template to be 
used for PCR was pcDNA/32D-F3 and oligonucleotides 
#1581-72 and #1581-76 were the primer pair to be used for 
PCR and cloning this gene construct. 
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1581-72: 5 ' -GTTCTCCTCATATGGATCCAAACCGTATTTCTGAAGACAGCACTCACTGCTT- 3 ' 
(SEQ ID N0:2) 

1581-76: 5 ' -TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA- 3 ' 
(SEQ ID N0:3) 



pAMG21 -Murine OPG Binding Protein [95-316] 

This construct was engineered to be 223 amino acids in 
length and have the following N-terrainal and C-terminal 
residues, NH2-lV[et-His(95)-Glu-Asn-Ala-Gly Gin- 
Asp- He- Asp(316>—COOH (SEQ ID NO: 2). The template 
used for PGR was pcDNA/32D-F3 and oligonucleotides 
#1591-90 and #1591-95 were the primer pair used for PGR 15 
and cloning this gene construct. 



1591-90: 5 ' - ATTTGATTCTAGAAGGAGGAAT AACATATCC ATGAAAACGCAGGTCTGCAG- 3 ' 
(SEQ ID N0:5) 

1591-95 ; 5 ' -TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA-3 ' 
(SEQ ID N0:5) 



pAMG2 1 -Murine OPG Binding Protein [ 1 07-3 1 6] 25 

This construct was engineered to be 211 amino acids in 
length and have the following N-terminal and C-temiinal 

residues, NH2-Met-Ser(l 07)-Glu-Asp-Thr-Leu Gln- 

Asp-Ile-Asp(316)-COOH (SEQ ID NO: 7). The template 
used for PGR was pcDNA/32D-F3 and oligonucleotides 
#1591-93 and #1591-95 were the primer pair used for PGR 
and cloning this gene construct. 



1591-93: 5 ' - ATTTGATTCTAGAAGGAGGAAT AACATATGTCTGAAGACACTCTGCCGGACTCC- 3 ' 
(SEQ ID N0:8) 

1591-95: 5 ' -TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA- 3 ' 
(SEQ ID N0:6) 



pAMG2 1 -Murine OPG Binding Protein [118-316] 

This construct was engineered to be 199 amino acids in 
length and have the following N-terminal and G-terminal 

residues, NHs-Met (118)-Lys-Gln-Ala-Phe-GIn Gin- 45 

Asp-Ile-Asp(316)-GOOH (SEQ ID NO: 9). The template 
used for PGR was pcDNA/32D-F3 and oligonucleotides 
#1591-94 and #1591-95 were the primer pair used for PGR 
and cloning this gene construct. 



1591-94: 5 ' - ATTTGATTCTAGAAGGAGGAAT AACATATGAAACAAGCTTTTCAGGGG- 3 ' 
(SEQ ID NO: 10) 

1591-95: 5 ' -TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA-3 ' 
(SEQ ID Na:6) 

pAMG21-Murine OPG Binding Protein [128-316] 

This construct was engineered to be 1 90 amino acids in 
length and have the following N-terminal and G-terminal 

residues, NH2-Met-Lys(l 28)-Glu-Leu-Gln-His Gln- 

Asp-Ile-Asp(316)-GOOH (SEQ ID NO: 11). The template 
used for PGR was pcDNA/32D-F3 and oligonucleotides 
#1591-91 and #1591-95 were the primer pair used for PGR 
and cloning this gene construct. 
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1591-91: 

5 ' -ATTTGATTCTAGAAGGAGGAATAACATATGAAAGAACTGCAGCACATTGTG-3 ' 
(SEQ ID NO: 12) 



1591-95: 5 ' -TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA- 3 ' 
<SEQ ID N0:6) 



pAMG2'-Murine OPG Binding Protein [137-316] 

This construct was engineered to be 181 amino acids in 
length and have the following N-terminal and C-terminal 

residues, NHj-Met-GlnCl 37)-Arg-Phe-Ser-Gly Gln- 

Asp-Ile-Asp(3I6)— COOH (SEQ ID NO: 13). The template 
used for PGR was pcDNA/32D-F3 and oligonucleotides 
#1591-92 and #1591-95 were the primer pair used for PGR 
and cloning this gene construct. 



1591-92: 5 ' - ATTTGATTCTAGAAGGAGGAATAACATATGCAGCGTTTCTCTGGTGCTCCA- 3 ' 
(SEQ ID NO: 14) 



1591-95: 5 ' -TATCCGCGGATCCTCGAGTTAGTCTATGTCCTGAACTTTGAA- 3 * 
(SEQ ID N0:6) 



pAMG21 -Murine OPG Binding Protein [146-316] 

This construct is engineered to be 171 amino acids in 
length and have the following N-terminal and C-terminal 

residues, NH2-Met(146)-(GIy-Ser-Trp Gln-Asp-Ile- 

Asp(3 1 6)-COOH (SEQ ID NO: 1 5). The template to be used 
for PGR is pAMG21 -murine OPG binding protein [75-316] 
described above and oligonucleotides #1600-98 and #1581- 
76 will be the primer pair to be used for PGR and cloning 
this gene construct. 

1600-98: 

5 ' -GTTCTCCTCATATGGAAGGTTCTTGGTTGGATGTGGCCCA-3 ' 
(SEQ ID NO: 16) 



1581-76: 

5 ' -TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA-3 ' 
(SEQ ID NO: 3) 



30 

1619-86: 

5 ' -GTTCTCCTCATATGCGTGGTAAACCTGAAGCTCAACCATTTGCA-3 ' 
(SEQ ID N0:18) 

35 1581-76: 

5 ' -TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA-3 ' 
(SEQ ID NO: 3) 

pAMG21-Murine OPG Binding Protein [158-316] 

This construct was engineered to be 160 amino acids in 
length and have the following N-terminal and C-terminal 

residues, NH2-Met-Lys(l 58)-Pro-Glu-Ala Gin-Asp- 

Ile-Asp(316)-COOH (SEQ ID NO: 19). The template to be 
45 used for PGR was pcDNA/32D-F3 and oligonucleotides 
#1581-73 and #1581-76 were the primer pair to be used for 
PGR and cloning this gene construct. 



1581-73: 5' -GTTCTCCTCATATGAAACCTGAAGCTCAACCATTTGCACACCTCACCATCAAT- 3 ' 
(SEQ ID NO: 20) 

1581-76: 5' -TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA- 3 ' 
(SEQ ID NO; 3) 

55 

pAMG21 -Murine OPG Binding Protein [156-316] pAMG21 -Murine OPG Binding Protein [166-316] 

This construct is engineered to be 162 amino acids in 

length and have the following N-terminal and C-terminal This construct is engineered to be 152 amino acids in 

residues, NH2-Met-Arg(156)-Gly-Lys-Pro Gin- Asp- length and have the following N-terminal and C-terminal 

Ile-Asp (316)-COOH (SEQ ID NO: 17). The template to be residues, NH2-Met-His(166)-Leu.Thr-Ile Gln-Asp- 

used for PGR is pAMG2'-murine OPG binding protein ne-Asp(316)-GOOH (SEQ ID NO: 21) The template to be 

[158-3 16] below and oligonucleotides #16 19-86 and #1581- used for PGR is pcDNA/32D-F3 and oligonucleotides 

76 will be the primer pair to be used for PGR and cloning #1581-75 and #1581-76 will be the primer pair to be used for 

this gene construct. PGR and cloning this gene construct. 
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1581-75 : 5 • -GTTCTCCTCATATGCATTTAACTATTACGCTGCATCTATCCCAT 
CGGGTTCCCATAAAGTCACT-3 ' ( SEQ ID NO: 22) 

1581-76: 5 ' -TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA- 3 ' ( SEQ ID NO : 3 ) 



pAMG21 -Murine OPG Binding Protein [168-316] 

This construct is engineered to be 150 amino acids in 
length and have the following N-terminal and C-terminal 

residues, NH2-Met-Thr(168)-Ile-Asn-Ala Gln-Asp- 

Ile-Asp(316).COOH (SEQ ID NO: 3). The template to be 
used for PGR is pcDNA/32D-F3 and oligonucleotides 
#1581-74 and #1581-76 will be the primer pair to be used for 
PGR and cloning. 



of 0-0.5M NaCl in MES pH 6.0, The final product was over 
95% homogeneous by SDS-PAGE. N-terminal sequencing 
jQ gave the following sequence: Met-Lys-Pro-Glu-Ala-Gln- 
Pro-Phe-Ala-His (SEQ ID NO: 25) which was identified to 
that predicted for a polypeptide starting at residue 1 58 (with 
an initiator methionine): The relative molecular weight of 
the protein during SDS-PAGE does not change upon reduc- 
tion. 



1581-74: 5 ' -GTTCTCCTC AT ATGACTATTAACGCTGCATCTATCCC ATCGGGTTCCC ATAAAGTCACT - 3 * 
(SEQ ID NO: 24) 

1581-76: 5 ' -TACGCACTCCGCGGTTAGTCTATGTCCTGAACTTTGA- 3 ' ( SEQ ID NO : 3 ) 



It is understood that the above constructs are examples and 
one skilled in the art may readily obtain other forms of OPG 
binding protein using the general methodology presented 25 
her. 

Recombinant bacterial constructs pAMG21 -murine OPG 
binding protein [75-316], [95-316], [107-316], [118-316], 
[128-316], [137-316], and [158-316] have been cloned, 
DNA sequence confirmed, and levels of recombinant gene 30 
product expression following induction has been examined. 
All constructs produced levels of recombinant gene product 
which was readily visible following SDS polyacrylamide gel 
electrophoresis and coomassie staining of crude ly sates. 
Growth of transformed E. coli 393 or 2596, induction of 35 
OPG binding protein expression and isolation of inclusion 
bodies containing OPG binding protein is done according to 
procedures described in U.S. Ser. No. 08/577,788 filed Dec. 
22, 1995 now U.S. Pat. No. 6,613,544. Purification of OPG 
binding proteiris from inclusion bodies requires solubiliza- 40 
tion and renaturing of OPG binding protein using procedures 
available to one skilled in the art. Recombinant murine OPG 
binding protein [158-316] was found to be produced mostly 
insolubly, but about 40% was found in the soluble fraction. 
Recombinant protein was purified from the soluble fraction 45 
as described below and its bioactivity examined. 

EXAMPLE 7 



Purification of Recombinant Murine OPG Ligand 
[158-316] 



50 



Frozen bacterial cells harboring expressed murine OPG 
binding protein (158-316) were thawed and resuspended in 
20 mM tris-HCl pH 7.0, 10 mM EDTA. The cell suspension 55 
(20% w/v) was then homogenized by three passes through a 
microfluidizer. The lysed cell suspension was centrifuged in 
a JAM rotor at 10,000 rpm for 45 minutes. SDS-PAGE 
analysis showed a band of approximately 18 kd molecular 
weight present in both inclusion bodies and the supernatant. 60 
The soluble fraction was then applied to a Pharmacia SP 
Sepharose 4FF column equilibrated with 10 mM MES pH 
6.0. The OPG binding protein was eluted with a 20 column 
volume gradient of 0-0.4M NaCl in MES pH 6.0. Fractions 
containing OPG binding protein were then applied to an 65 
ABX Bakerbond column equilibrated with 20 mM MES pH 
6.0. OPG binding protein was eluted with a 1 5CV gradient 



EXAMPLE 8 

In Vitro Bioactivity of Recombinant Soluble 
OPG-bp 

Recombinant OPG protein has previously been shown to 
block vitamin D3 -dependent osteoclast formation from bone 
marrow and spleen precursors in an osteoclast forming assay 
as described in U.S. Ser. No. 08/577,788 now U.S. Pat. No. 
6,613,544. Since OPG binding protein binds to OPG, and is 
a novel member of the TNF family of ligands, it is a 
potential target of OPG bioactivity. Recombinant soluble 
OPG binding protein (158-316), representing the minimal 
core TNFa-like domain, was tested for its ability to modu- 
late osteoclast differentiation from osteoclast precursors. 
Bone marrow cells were isolated from adult mouse femurs, 
and treated with M-CSF. The non-adherent fraction was 
co-cultured with ST2 cells in the presence and absence of 
both vitamin D3 and dexamethasone. As previously shown, 
osteoclasts develop only from co-cultures containing stro- 
mal cells (ST2), vitamin D3 and dexamethasone. Recombi- 
nant soluble OPG binding protein was added at varying 
concentrations ranging from 0.16 to 500 ng/ml and osteo- 
clast maturation was determined by TRAP solution assay 
and by visual observation. OPG binding protein strongly 
stimulated osteoclast differentiation and maturation in a dose 
dependent manner, with half-maximal effects in the 1-2 
ng/ml range, suggesting that it acts as an potent inducer of 
osteoclastogenesis in vitro (FIG. 5). The effect of OPG 
binding protein is blocked by recombinant OPG (FIG. 6). 

To test whether OPG binding protein could replace the 
stroma and added steroids, cultures were established using 
M-CSF at varying concentrations to promote the growth of 
osteoclast precursors and various amounts of OPG binding 
protein were also added. As shown in FIG. 6, OPG binding 
protein dose dependently stimultated TRAP activity, and the 
magnitude of the stimulation was dependent on the level of 
added M-CSF suggesting that these two factors together are 
pivotal for osteoclast development. To confirm the biologi- 
cal relevance of this last observation, cultures were estab- 
lished on bovine cortical bone slices* and the effects of 
M-CSF and OPG binding protein either alone or together 
were tested. As shown in FIG. 7, OPG binding protein in the 
presence of M-CSF stimulated the formation of large TRAP 
positive osteoclasts that eroded the bone surface resultihg in 
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pits. Thus, OPG binding protein acts as an osteoclastogen- be modified to encode secreted forms of the protein when 

esis stimulating (differentiation) factor. This suggests that expressed in mammalian cells. To do this, the natural 5*-end 

OPG blocks osteoclast development by sequestering OPG of the cDNA encoding the intiation codon, and extending 

binding protein. approximately through the first 69 amino acid of the protein, 

EXAMPLE 9 ^ including the transmembrane spanning region, could be 

replaced with a signal peptide leader sequence. For example, 

In V.VO Activity of Recombinant Soluble OPG DNA sequences encoding the initiation codon and signal 

Bindina Protein peptide of a known gene can be spliced to the OPG binding 

J g protein cDNA sequence beginning anywhere after the region 

Based on in vitio shidies, recombinant murine OPG encoding amino acid residue 68. The resulting recombinant 

binding protein [158-316] produced in E. coli is a potent "^'on^^ predicted to produce secreted forms of OPB 

inducer of osteoclast development from myeloid precursors. "''"^ing P'^!«'" mammalian cells and should undergo 

rr J , • u a- . ^ • 1 DrM7i * aa c post translational modifications which normally occur m the 

To determine its effects in vivo, male BDFl mice aged 4-5 ^ . , m i . . ^ ^r^^ i • 

1 1 r*- T 1 . ■ ^ • J . IS C-terminal extracellular domain oi OPG binding protein, 

weeks (Charles River Laboratones) received subcutaneous . , i tt ■ .v- . . .^r r 

• ■ • J- •riiTO'.i^i^- J r such as glycoswation. Using this Strategy, a sccrctcd lomi ol 

injections of OPG binding protein [158-31 6] Uvice a day for ^ constructed which has at its 5' end 

three days and on the mormng of the fourth day (days 0, 1, ^^.^^ ^j^^j ^^^^-^^^ .^^ 3, ^^^^ 

2, and 3). Five groups of mice (n=4) received carrier alone, ^^^^ ^^^^-^ ^^^^^-^ ^^^^^ pCEP4/muOPG[22- 

or 1, 5, 25 or 100 ^tg/of of OPG binding protein [158-316] 20 401]-Fc as described in U.S. Ser. No. 08/577,788, filed Dec. 

per day. An additional 5 groups of mice (n=4) received the 22, 1995, now U.S. Pat. No. 6,613,544, was digested with 

above doses of carrier or of OPG binding protein [158-316] NotI to cleave between the 3' end of OPG and the Fc gene, 

and in addition received human Fc-OPG [22-194] at 1 The linearized DNA was then partially digested with Xmnl 

mg/Kg/day (approximately 20 ^ig/day) by single daily sub- to cleave only between residues 23 and 24 of OPG leaving 

cutaneous injection. Whole blood ionized calcium was 25 g end. The restriction digests were then dephosphory- 

determined prior to treatment on. day 0 and 3-4 hours after lated with CIP and the vector portion of this digest (includ- 

the first daily injection of of OPG binding protein [158-316] ing residues 1-23 of OPG and Fc) was gel purified, 

on days 1 , 2, and 3. Four hours after the last injection on day The murine OPG binding protein cDNA region encoding 

3 the mice were sacrificed and radiographs were taken. amino acid reisudes 69-316 were PGR amplified using PHi 

Recombinant of OPG binding protein [158-316] produced Polymerase (Stratagene, San Diego, Calif) from the plasmid 

a significant increase in blood ionized calcium after two template using primers the following oligonucleotides: 



1602-61: CCT CTA GGC CTG TAC TTT CGA GOG GAG ATG (SEQ ID NO: 26) 

1602-59: CCT CTG CGG CCG CGT CTA TGT CCT GAA CTT TG (SEQ ID NO: 27) 

days of treament at dose of 5 jig/day and higher (FIG. 8). The The 1602-61 oligonucleotide amplifies the 5' end of the 

severity of the hypercalcemia indicates a potent induction of gene and contains an artificial an StuI site. The 1602-59 

osteoclast activity resulting from increased bone resorption. primer amplifies the 3' end of the gene and contains an 

Concurrent OPG administration limited hypercalcemia at artificial Not! site. The resulting PGR product obtained was 

doses of OPG binding protein [158-316] of 5 and 25 ^g/day, digested with NotI and StuI, then gel purified. The purified 

but not at 100 |ig/day. These same animal were analysed by 45 PCR product was ligated with vector, then used to transform 

radiaography to determine if there were any effects on bone electrt)competent E. coli DHIOB cells. The resulting clone 

mineral density visible by X-ray (FIG. 9). Recombinant of was sequenced to confirm the integrity of the amplified 

OPG binding protein [158-316] injected for 3 days sequence and restriction site junctions. This plasmid was 

decreased bone density in the proximal tibia of mice in a then used to transfect human 293 fibroblasts, and the OPG 

dose-dependent manner. The reduction in bone density was 50 binding protein-Fc fusion protein was collected form culture 

particularly evident in mice receiving 100 ^g/d confirming media as previously described in U.S. Ser. No. 08/577,788, 

that the profound hypercalcemia in these animals was pro- filed Dec. 22, 1995 now U.S. Pat. No. 6,613,544. 

duced from increased bone resorption and the resulting ^sing a similar strategy, an expression vector was 

release of calcium from the skeleton. These data clearly designed that is capable of expressing a N-terminal trunca- 

indicate that of OPG binding protein [158-316] acts in vivo ^ion of flised to the human IgGl Fc domain. This construct 

to promote bone resorption, leading to systemic hypercal- consists of the murine OPG signal peptide (aa residue 1-21), 

cemia, and recombinant OPG abbrogates these effects. ft,sed in frame to murine OPG binding protein residues 



EXAMPLE 10 60 



158-316, followed by an inframe fusion to human IgGl Fc 
domain. To do this, the plasmid vector pCEP4/murine OPG 

^1 . , c • f c 1 ui r^T^ D- A- [22-401] (U.S. Sen No. 08/577,788, filed Dec. 22, 1995, 

Cloning and Expression of Soluble OPG Binding ^ vt j- ^ -it,. j,tt J 

PiDtein in Mammalian Cells now U.S. Pat. No. 6,613,544), was digested with Hindlll and 

NotI to remove the entire OPG reading frame. Murine OPG 

Hie full length clone ofmurine and human OPG binding 65 binding protein, residues 158-316 were PCR amplified 

protein can be expressed in mammalian cells as previously using from the plasmid template pCDNA/32D-F3 using the 

described in Example 2. Alternatively, the cDNA clones can following primers: 



25 
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1616-4 4: CCT CTC TCG AGT GGA CAA CCC AGA AGC CTG AGG CCC AGC CAT 
TTG C 

1602-59: CCT CTG CGG CCG CGT CTA TGT CCT GAA CTT TG 



10 



1616-44 amplifies OPG binding protein starting at residue 
158 as well as containing residues 16-21 of the muOPG 
signal peptide with an artificial Xhol site. 1 602-59 amplifies 
the 3' end of the gene and adds an in-frame NotI site. The 
PGR product was digested with NotI and Xhol and then gel 
purified. 

The Follwing complimentary primers were annealed to 15 
each other to form an adapter encoding the murine OPG 
signal peptide and Kozak sequence surrounding the trans- 
lation initiation site: 



1616-41: AGC TTC CAC CAT GAA CAA GTG GCT GTG CTG CGC ACT CCT GGT 
GCT CCT GGA CAT CA (SEQ ID NO: 30) 



1616-4 2: TCG ATG ATG TCC AGG AGC ACC AGG AGT GCG CAG CAC AGC CAC 
TTG TTC ATG GTG GA (SEQ ID NO: 31) 



These primers were annealed, generating 5' overhangs 3^ strands B'BIDG and the other of strands C'CHEF [E. Y. 

compatible with Hindlll on the 5' end and Xhol on the 3' Jones et ah, ibid.] Two loops of mature TNFa have been 

end. The digested vector obtianed above, the annealed implicated from mutagenesis studies to make contacts with 

oligos, and the digested PGR fragment were ligated together receptor, these being the loops formed between beta strand 

and electroporated into DHIOB cells. The resulting clone 3 & B' and the loop between beta strands E & F [C. R. Goh, 

was sequenced to confirm authentic reconstruction of the 35 ^ ^ ^^^^^ p^^^.^ Engineering 4, 

junction between the signal peptide, OPG bmding protem ^ , ^ ^ . ^ ^ 

n , J. irool/: j^uTz-iT- 785-7911. The crystal structure of the complex formed 

fragment encoding residues 158-316, and the IgGl Fc ^ ^ ^ 1 1 « 1 , - 1 1 j 

domain. The recombiant plasmid was purified, transfected ^^^^^^^ extracellular domain of the 55 kd 

into human 293 fibroblasts, and expressed as a conditioned ™^ (TNF-R55) has been solved and the receptor- 

media product as described above. contacts have been described [D. W. Banner, A. 

D'Arcy, W. Janes, R. Gentz, H-J, Schoenfeld, C. Broger, H. 
EXAMPLE 11 Loetscher, and W. Lesslauer (1993) Cell 73, 431-445]. In 

agreement with mutagenesis studies described above [C. R. 
45 Goh et al., ibid.] the corresponding loops BB' iand EF of the 
Peptides of the OPG Binding Protein and ligand TNFp were found to make the majority of contacts 

Preparation of Polyclonal and Monoclonal with the receptor in the resolved crystal structure of the 

Antibodies to the Protein TNFb:TNF-R55 complex. The amino acid sequence of 

murine OPG binding protein was compared to the amino 
acid sequences of TNFa and TNFp. The regions of murine 
T!^:'!!"!!""^^^^^^ OPG binding protein coiresponding to the BB' and EF loops 

were predicted based on this comparison and peptides have 
been designed and are described below 
nation. * A. Antigen(s): Recombinant murine OPG binding protein 

The crystal structure of mature TNFa has been described [1 58-316] has been used as an antigen (ag) for immunization 
[E. Y. Jones, D. I. Stuart, and N. R C, Walker (1990) J. Cell 0^ animals as described below, and serum will be examined 
Sci. Suppl. 13, 11-18] and the monomer forms an antipar- using approaches described below. Peptides to the putative 
allel p-pleated sheet sandwich with a j el ly roll topology. Ten BB' and EF loops of murine OPG binding protein have been 
antiparallel p -strands are observed in this crystal structure synthesized and will be used for immunization; these pep- 
and form a beta sandwich with one beta sheet consisting of tides are: 



may be obtained by immunization with peptides from OPG 
binding protein. These peptides may be used alone, or 
conjugated forms of the peptide may be used for immuni 
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BB' loop peptide: NH2--NAASIPSGSHKVTLSSWyHDRGWAKIS~C00H (SEQ ID NO: 32) 

BB' loop-Cye peptide: NH2— NAASIPSGSHKVTLSSWYHDRGWAKISC— COOH (SEQ ID NO: 33) 

EF loop peptide: NH2 — VYWKTSIKIPSSHNLM— COOH (SEQ ID NO: 34) 
EF loop-Cys peptide: NH2--VYVVKTSIKIPSSHNLMC~C00H (SEQ ID NO:35) 

Peptides with a carboxy-terminal cysteine residue have been (10% BSA diluent/blocking solution concentrate diluted 

used for conjugation using approaches described in section 1:10 in Dulbecco*s Phosphate Buffered Saline, D-PBS; 

B below, and have been used for immunization. Gibco BRL, Grand Island, N.Y.)) while hybridoma super- 

B. Keyhole Limpet Hemocyanin or Bovine Serum Albu- natants are tested undiluted. In the case of hybridoma 
min Conjugation: Selected peptides or protein fragments screening, one well is maintained as a conjugate control, and 
may be conjugated to keyhole limpet hemocyanin (KLH) in a second well as a positive ab control. Plates are again 
order to increase their immunogenicity in animals. Also, incubated at rt, rocking for 1 hour, then washed 4 times using 
bovine serum albumin (BSA) conjugated peptides or protein a 1 x preparation of wash solution 20x concentrate (Kirkeg- 
fragments may be utilized in the EI A protocol. Imject aard and Perry Laboratories, Inc., Gaithersburg, Md.) in 
Maleimide Activated KLH or BSA (Pierce Chemical Com- dHjO. Horseradish peroxidase conjugated secondary ab 
pany, Rockford, 111.) is reconstituted in dH2 O to a final (Boeringer Mannheim Biochemicals, Indianapolis, Ind.) 
concentration of 10 mg/ml. Peptide or protein fragments are diluted in 1% BSA is then incubated in each well for 30 
dissolved in phosphate buffer then mixed with an equivalent minutes. Plates are washed as before, blotted dry, and ABTS 
mass (g/g) of KLH or BSA. The conjugation is allowed to peroxidase single component substrate (Kirkegaard and 
react for 2 hours at room temperature (rt) with gentle Perry Laboratories, Inc., Gaithersburg, Md.) is added, 
stirring. The solution is then passed over a desalting column ^3 Absorbance is read at 405 nm for each well using a Micro- 
or dialy zed against PBS overnight. The peptide conjugate is plate EL310 reader (Bio-tek Instruments, Inc., Winooski, 
stored at -20° C. until used in immunizations or in EIAs. Vt.). Half-maximal titre of serum antibody is calculated by 

C. Immunization: Balb/c mice, (Charles Rivers Labord- plotting the log^o of the serum dilution versus the optical 
tories, Wilmington, Mass.) Lou rats, or New Zealand White density at 405, then extrapolating at the 50% point of the 
rabbits will be subcutaneously injected (SQI) with ag (50 ^g, 30 maximal optical density obtained by that serum. Hybrido- 
150 [ig, and 100 ^g respectively) emulsified in Complete ^las are selected as positive if optical density scores greater 
Freund's Adjuvant (CPA, 50% vol/vol; Difco Laboratories, than 5-fold above background. Adjustments to this protocol 
Detroit, Mich.). Rabbits are then boosted two or three times may be applied; in example, conjugated secondary antibody 
at 2 week intervals with antigen prepared in similar fashion may be chosen for specificity or non-cross-reactivity. 

in Incomplete Freund's Adjuvant (ICFA; Difco Laborato- 35 E. Cell fusion: The animal selected for hybridoma pro- 

ries, Detroit, Mich.). Mice and rats are boosted approxi- duction is intravenously injected with 50 to 100 ^ig of agin 

mately every 4 weeks. Seven days following the second PBS. Four days later, the animal is sacrificed by carbon 

boost, test bleeds are performed and serum antibody titers dioxide and its spleen collected under sterile conditions into 

determined. When a titer has developed in rabbits, weekly 35 ml Dulbeccos' Modified Eagle's Medium containing 200 

production bleeds of 50 mis are taken for 6 consecutive 40 U/ml Penicillin G, 200 |ig/ml Streptomycin Sulfate, and 4 

weeks. Mice and rats are selected for hybridoma production mM glutamine (2x P/S/G DMEM). The spleen is trimmed of 

based on serum titer levels; animals with half-maximal titers excess fatty tissue, then rinsed through 4 dishes of clean 2x 

greater than 5000 are used. Adjustments to this protocol may P/S/G DMEM. It is next transferred to a sterile stomacher 

be applied by one skilled in the art; for example, various bag (Tekmar, Cincinnati, Ohio) containing 10 ml of 2x 

types of immuno modulators are now available and may be 45 P/S/G DMEM and disrupted to single cell suspension with 

incorporated into this protocol. the Stomacher Lab Blender 80 (Seward Laboratory UAC 

D. Enzyme-linked Immunosorbent Assay (EIA): EIAs House; London, England). As cells are released from the 
will be performed to determine serum antibody (ab) titres of spleen capsule into the media, they are removed from the 
individual animals, and later for the screening of potential bag and transferred to a sterile 50 ml conical centrifuge tube 
hybridomas. Flat bottom, high-binding, 96-wel} microtitra- 50 (Becton Dickinson and Company, Lincoln Park, N.J.). Fresh 
tion EIA/RIA plates (Costar Corporation, Cambridge, media is added to the bag and the process is continued until 
Mass.) will be coated with purified recombinant protein or the entire cell content of the spleen is released. These 
protein fragment (antigen, ag) at 5 ^ig per ml in carbonate- splenocytes are washed 3 times by centrifiigation at 225xg 
bicarbonate buffer, pH 9.2 (0.015 M Na2C03, 0.035 M for 10 minutes. 

NaHC03). Protein fragments may be conjugated to bovine 55 Concurrently, log phase cultures of myeloma cells, Sp2/ 

serum albumin (BSA) if necessary. Fifty 1 ^1 of ag will be 0-Agl4 or Y3-Agl.2.3 for mouse or rat splenocyte lusions, 

added to each well. Plates will then be covered with acetate respectively, (American Type Culture Collection; 10801 

film (ICN Biomedicals, Inc., Costa Mesa, Calif.) and incu- University Boulevard, Manassas, Va. 20110-2209) grown in 

bated at room temperature (rt) on a rocking platform for 2 complete medium (DMEM, 10% inactivated fetal bovine 

hours or over-night at 4° C. Plates will be blocked for 30 60 serum, 2 mM glutamine, 0.1 mM non-essenfial amino acids, 

minutes at rt with 250 (il per well 5% BSA solution prepared 1 mM sodium pyruvate, and 10 mM hepes buffer; Gibco 

by mixing 1 part BSA diluent/blocking solution concentrate Laboratories, Grand Island, N.Y.) are washed in similar 

(Kirkegaard and Perry Laboratories, Inc., Gaithersburg, fashion. The splenocytes are combined with the myeloma 

Md.) with 1 part deionized water (dHjO). Blocking solution cells and pelleted once again. The media is aspirated from 

having been discarded, 50 |il of serum 2-fold dilutions 65 the cell pellet and 2 ml of polyethylene glycol 1500 (PEG 

(1:100 through 1:12,800) or hybridoma tissue culture super- 1500; Boehringer Maimheim Biochemicals, Indianapolis, 

natants will be added to each well. Serum diluent is 1% BSA Ind.) is gently mixed into the cells over the course of 1 
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minute. Thereafter, an equal volume of 2x P/S/G DMEM is 
slowly added. The cells are allowed to fuse at 370° C, for 2 
minutes, then an additional 6 ml of 2x P/S/G DMEM is 
added. The cells are again set at 37° C. for 3 minutes. 
Finally, 35 ml of 2x P/S/G DMEM is added to the cell 5 
suspension, and the cells pelleted by centrifugation. Media 
is aspirated from the pellet and the cells gently resuspended 
in complete medium. The cells are distributed over 96- well 
flat-bottom tissue culture plates (Becton Dickinson Lab- 
ware; Lincoln Park, N.J.) by single drops from a 5 ml lO 
pipette. Plates are incubated overnight in humidified condi- 
tions at 37° C, 5% CO2. The next day, an equal volume of 
selection medium is added to each well. Selection consists 
of 0.1 mM hypoxanthine, 4x10""* mM aminopterin, and 
L6xl0 mM thymidine in complete medium. The fusion 
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plates are incubated for 7 days followed by 2 changes of 
medium during the next 3 days; HAT selection medium is 
used after each fluid change. Tissue culture supematants are 
taken 3 to 4 days after the last fluid change from each 
hybrid-containing well and tested by EI A for specific anti- 
body reactivity. This protocol has been modified by that in 
Hudson and Hay, "Practical Immunology, Second Edition", 
Blackwell Scientific Publications, 

While the present invention has been described in terms 
of the preferred embodiments, it is understood that varia- 
tions and modifications will occur to those skilled in the art. 
Therefore, it is intended that the appended claims cover all 
such equivalent variations which come within the scope of 
the invention as claimed. 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(iii) NUMBER OF SEQUENCES: 3 9 



(2) INFORMATION FOR SEQ ID NO; 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE; protein 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 1: 

Asp Pro Asn Arg Gin Asp lie Asp 
1 5 



(2) INFORMATION FOR SEQ ID NO : 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 52 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GTTCTCCTCA TATGGATCCA AACCGTATTT CTGAAGACAG CACTCACTGC TT 



(2) INFORMATION FOR SEQ ID NO : 3; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
TACGCACTCC GCGGTTAGTC TATGTCCTGA ACTTTGA 37 



(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 4: 

Glu Aen Ala Gly Gin Asp lie Asp 
a 5 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 51 base pairs 
<B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
ATTTGATTCT AGAAGGAGGA ATAACATATG CATGAAAACG CAGGTCTGCA G 51 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 42 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
TATCCGCGGA TCCTCGAGTT AGTCTATGTC CTGAACTTTG AA 4 2 



(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

Glu Asp Thr Leu Gin Asp lie Asp 
1 5 



(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 54 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
ATTTGATTCT AGAAGGAGGA ATAACATATG TCTGAAGACA CTCTGCCGGA CTCC 5 4 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

Lys Gin Ala Phe Gin Gin Asp lie Asp 
1 5 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
{A) LENGTH: 48 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS ; single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO; 10: 
ATTTGATTCT AGAAGGAGGA ATAACATATG AAACAAGCTT TTCAGGGG 4 8 

(2) INFORMATION FOR SEQ ID NO: IX: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 aniino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO; 11: 

Met Lys Glu Leu Gin His Gin Asp lie Asp 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i)" SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
ATTTGATTCT AGAAGGAGGA ATAACATATG AAAGAACTGC AGCACATTGT G 51 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 10 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 

Met Gin Arg Phe Ser Gly Gin Asp He Asp 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 14: 

■ (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 51 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 



us 7,097,834 Bl 
35 36 

-continued 



(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
ATTTGATTCT AGAAGGAGGA ATAACATATG CAGCGTTTCT CTGGTGCTCC A 51 



(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Met Glu Gly Ser Trp Gin Asp He Asp 
1 5 



(2) INFORMATION FOR SEQ ID NO: 16; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GTTCTCCTCA TATGGAAGGT TCTTGGTTGG ATGTGGCCCA 4 0 



(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 

Met Arg Gly Lys Pro Gin Asp He Asp 
1 5 



(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 4 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
GTTCTCCTCA TATGCGTGGT AAACCTGAAG CTCAACCATT TGCA 4 4 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 

Met Lys Pro Glu Ala Gin Asp lie Asp 
1 5 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 5 3 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS ! single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
GTTCTCCTCA TATGAAACCT GAAGCTCAAC CATTTGCACA CCTCACCATC AAT 5 3 



(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 9 amino acids 
{B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE; protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 21: 

Met His Leu Thr lie Gin Asp lie Asp 
1 5 



(2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 65 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE; cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
GTTCTCCTCA TATGCATTTA ACTATTAACG CTGCATCTAT CCCATCGGGT TCCCATAAAG 60 
TCACT 65 



(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE; amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Met Thr lie Asn Ala Gin Asp lie Asp 
1 5 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 59 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE; cDNA 



us 7,097,834 Bl 
39 40 



-continued 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24:' 
GTTCTCCTCA TATGACTATT AACGCTGCAT CTATCCCATC GGGTTCCCAT AAAGTCACT 59 



(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 10 amino acids 
(B) TYPE: amino acid 
{C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

{ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 25: 

Met Lys Pro Glu Ala Gin Pro Phe Ala His 
1 5 10 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 3 0 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 
CCTCTAGGCC TGTACTTTCG AGCGCAGATG 30 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 27: 
CCTCTGCGGC CGCGTCTATG TCCTGAACTT TG 32 



(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 28: 
CCTCTCTCGA GTGGACAACC CAGAAGCCTG AGGCCCAGCC ATTTGC 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 
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CCTCTGCGGC CGCGTCTATG TCCTGAACTT TG 32 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 56 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:, 
AGCTTCCACC ATGAACAAGT GGCTGTGCTG CGCACTCCTG GTGCTCCTGG ACATCA 5 6 



(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 5 6 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 
TCGATGATGT CCAGGAGCAC CAGGAGTGCG CAGCACAGCC ACTTGTTCAT GGTGGA 56 



(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 2 7 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 

Asn Ala Ala Ser lie Pro Ser Gly Ser His Lys Val Thr Leu Ser Ser 
15 10 15 

Trp Tyr His Asp Arg Gly Trp Ala Lys lie Ser 
20 25 
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(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 8 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 

Asn Ala Ala Ser lie Pro Ser Gly Ser His Lys Val Thr Leu Ser Ser 
15 10 15 

Trp Tyr His Asp Arg Gly Trp Ala Lys He Ser Cys 
20 25 



(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 
■ (D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 34: 

Val Tyr Val Val Lys Thr Ser lie Lys lie Pro Ser Ser His Asn Leu 
1 5 . 10 15 

Met 

(2) INFORMATION FOR SEQ ID NO; 35; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY; linear 

(ii) MOLECULE TYPE: protein 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 35: 

Val Tyr Val Val Lys Thr Ser lie Lys lie Pro Ser Ser His Asn Leu 
15 10 15 



Met Cys 



(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 2295 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS; single 

(D) TOPOLOGY: linear 

i(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION; 158.. 1105 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 36: 



GAGCTCGGAT CCACTACTCG ACCCACGCGT CCGGCCAGGA CCTCTGTGAA CCGGTCGGGG 6 0 



CGGGGGCCGC CTGGCCGGGA GTCTGCTCGG CGGTGGGTGG CCGAGGAAGG GAGAGAACGA 12 0 



TCGCGGAGCA GGGCGCCCGA ACTCCGGGCG CCGCGCC ATG CGC CGG GCC AGC CGA 175 

Met Arg Arg Ala Ser Arg 
1 5 

GAC TAG GGC AAG TAC CTG CGC AGC TCG GAG GAG ATG GGC AGC GGC CCC 223 
Asp Tyr Gly Lys Tyr Leu Arg Ser Ser Glu Glu Met Gly Ser Gly Pro 
10 15 20 

GGC GTC CCA CAC GAG GGT CCG CTG CAC CCC GCG CCT TCT GCA CCG GCT 271 
Gly Val Pro His Glu Gly Pro Leu His Pro Ala Pro Ser Ala Pro Ala 
25 30 35 

CCG GCG CCG CCA CCC GCC GCC TCC CGC TCC ATG TTC CTG GCC CTC CTG 319 
Pro Ala Pro Pro Pro Ala Ala Ser Arg Ser Met Phe Leu Ala Leu Leu 
40 45 50 



GGG CTG GGA CTG GGC CAG GTG GTC TGC AGC ATC GCT CTG TTC CTG TAC 367 
Gly Leu Gly Leu Gly Gin Val Val Cys Ser lie Ala Leu Phe Leu Tyr 
55 60 65 70 



TTT CGA GCG CAG ATG GAT CCT AAC AGA ATA TCA GAA GAC AGC ACT CAC 415 
Phe Arg Ala Gin Met Asp Pro- Asn Arg He Ser Glu Asp Ser Thr His 
75 80 85 



TGC TTT TAT AGA ATC CTG AGA CTC CAT GAA AAC GCA GGT TTG CAG GAC 46 3 

Cys Phe Tyr Arg He Leu Arg Leu His Glu Asn Ala Gly Leu Gin Asp 
90 95 100 

TCG ACT CTG GAG AGT GAA GAC ACA CTA CCT GAC TCC TGC AGG AGG ATG 511 
Ser Thr Leu Glu Ser Glu Asp Thr Leu Pro Asp Ser Cys Arg Arg Met 
105 110 115 
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AAA CAA GCC TTT CAG GGG GCC GTG CAG AAG GAA CTG CAA CAC ATT GTG 559 
Lys Gin Ala Phe Gin Gly Ala Val Gin Lye Glu Leu Gin His He Val 
120 125 130 

GGG CCA CAG CGC TTC TCA GGA GCT CCA GCT ATG ATG GAA GGC TCA TGG 607 
Gly Pro Gin Arg Phe Ser Gly Ala Pro Ala Met Met Glu Gly Ser Trp 
135 140 145 150 

TTG GAT GTG GCC CAG CGA GGC AAG CCT GAG GCC CAG CCA TTT GCA CAC ,655 
Leu Asp Val Ala Gin Arg Gly Lys Pro Glu Ala Gin Pro Phe Ala His 
155 160 165 

CTC ACC ATC AAT GCT GCC AGC ATC CCA TCG GGT TCC CAT AAA GTC ACT 703 
Leu Thr He Asn Ala Ala Ser He Pro Ser Gly Ser His Lys Val Thr 
170 175 180 . 

CTG TCC TCT TGG TAC CAC GAT CGA GGC TGG GCC AAG ATC TCT AAC ATG 751 
Leu Ser Ser Trp Tyr His Asp Arg Gly Trp Ala Lys He Ser Asn Met 
185 190 195 

ACG TTA AGC AAC GGA AAA CTA AGG GTT AAC CAA GAT GGC TTC TAT TAC 799 
Thr Leu Ser Asn Gly Lys Leu Arg Val Asn Gin Asp Gly Phe Tyr Tyr 
200 205 210 

CTG TAC GCC AAC ATT TGC TTT CGG CAT CAT GAA ACA TCG GGA AGC GTA 847 
Leu Tyr Ala Asn He Cys Phe Arg His His Glu Thr Ser Gly Ser Val 
215 220 225 230 

CCT ACA GAC TAT CTT CAG CTG ATG GTG TAT GTC GTT AAA ACC AGC ATC 895 
Pro Thr Asp Tyr Leu Gin' Leu Met Val Tyr Val Val Lys Thr Ser He 
235 240 245 

AAA ATC CCA AGT TCT CAT AAC CTG ATG AAA GGA GGG AGC ACG AAA AAC 94 3 

Lys He Pro Ser Ser His Asn Leu Met Lys Gly Gly Ser Thr Lys Asn 
250 255 260 

TGG TCG GGC AAT TCT GAA TTC CAC TTT TAT TCC ATA AAT GTT GGG GGA 991 
Trp Ser Gly Asn Ser Glu Phe His Phe Tyr Ser He Asn Val Gly Gly 
265 270 275 

TTT TTC AAG CTC CGA GCT GGT GAA GAA ATT AGC ATT CAG GTG TCC AAC 1039 
Phe Phe Lys Leu Arg Ala Gly Glu Glu He Ser He Gin Val Ser Asn 
280 285 290 

CCT TCC CTG CTG GAT CCG GAT CAA GAT GCG ACG TAC TTT GGG GCT TTC 1087 
Pro Ser Leu Leu Asp Pro Asp Gin Asp Ala Thr Tyr Phe Gly Ala Phe 
295 300 305 • 310 

AAA GTT CAG GAC ATA GAC TGAGACTCAT TTCGTGGAAC ATTAGCATGG 1135 
Lys Val Gin Asp He Asp 
315 

ATGTCCTAGA TGTTTGGAAA CTTCTTAAAA AATGGATGAT GTCTATACAT GTGTAAGACT 1195 

ACTAAGAGAC ATGGCCCACG GTGTATGAAA CTCACAGCCC TCTCTCTTGA GCCTGTACAG 1255 

GTTGTGTATA TGTAAAGTCC ATAGGTGATG TTAGATTCAT GGTGATTACA CAACGGTTTT 1315 

ACAATTTTGT AATGATTTCC TAGAATTGAA CCAGATTGGG AGAGGTATTC CGATGCTTAT 1375 

GAAAAACTTA CACGTGAGCT ATGGAAGGGG GTCACAGTCT CTGGGTCTAA CCCCTGGACA 1435 

TGTGCCACTG AGAACCTTGA AATTAAGAGG ATGCCATGTC ATTGCAAAGA AATGATAGTG 1495 

TGAAGGGTTA AGTTCTTTTG AATTGTTACA TTGCGCTGGG ACCTGCAAAT AAGTTCTTTT 1555 

TTTCTAATGA GGAGAGAAAA ATATATGTAT TTTTATATAA TGTCTAAAGT TATATTTCAG 1615 

GTGTAATGTT TTCTGTGCAA AGTTTTGTAA ATTATATTTG TGCTATAGTA TTTGATTCAA 1675 

AATATTTAAA AATGTCTCAC TGTTGACATA TTTAATGTTT TAAATGTACA GATGTATTTA 1735 

ACTGGTGCAC TTTGTAATTC CCCTGAAGGT ACTCGTAGCT AAGGGGGCAG AATACTGTTT 1795 

CTGGTGACCA CATGTAGTTT ATTTCTTTAT TCTTTTTAAC TTAATAGAGT CTTCAGACTT 1855 

GTCAAAACTA TGCAAGCAAA ATAAATAAAT AAAAATAAAA TGAATACCTT GAATAATAAG 1915 
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TAGGATGTTG GTCACCAGGT GCCTTTCAAA TTTAGAAGCT AATTGACTTT AGGAGCTGAC 1975 

ATAGCCAAAA AGGATACATA ATAGGCTACT GAAATCTGTC AGGAGTATTT ATGCAATTAT 2035 

TGAACAGGTG TCTTTTTTTA CAAGAGCTAC AAATTGTAAA TTTTGTTTCT TTTTTTTCCC 2095 

ATAGAAAATG TACTATAGTT TATCAGCCAA AAAACAATCC ,ACTTTTTAAT TTAGTGAAAG 2155 

TTATTTTATT ATACTGTACA ATAAAAGCAT TGTCTCTGAA TGTTAATTTT TTGGTACAAA 2215 

AAATAAATTT GTACGAAAAC CTGAAAAAAA AAAAAAAAAA AAAAAAAAGG GCGGCCGCTC 2275 

TAGAGGGCCC TATTCTATAG 2295 



(2) INFORMATION FOR SEQ ID NO; 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 316 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37: 

Met Arg Arg Ala Ser Arg Asp Tyr Gly Lys Tyr Leu Arg Ser Ser Glu 
1 5 10 15 

' Glu Met Gly Ser Gly Pro Gly Val Pro His Glu Gly Pro Leu His Pro 
20 25 30 

Ala Pro Ser Ala Pro Ala Pro Ala Pro Pro Pro Ala Ala Ser Arg Ser 
35 40 45 

Met Phe Leu Ala Leu Leu Gly Leu Gly Leu Gly Gin Val Val Cys Ser 
50 55 60 

lie Ala Leu Phe Leu Tyr Phe Arg Ala Gin Met Asp Pro Asn Arg lie 
65 70 75 80 

Ser Glu Asp Ser Thr His Cys Phe Tyr Arg lie Leu Arg Leu His Glu 
85 90 95 

Asn Ala Gly Leu Gin Asp Ser Thr Leu Glu Ser Glu Asp Thr Leu Pro 
100 105 110 

Asp Ser Cys Arg Arg Met Lys Gin Ala Phe Gin Gly Ala Val Gin Lys 
115 120 125 

Glu Leu Gin His lie Val Gly Pro Gin Arg Phe Ser Gly Ala Pro Ala 
130 135 140 

Met Met Glu Gly Ser Trp Leu Asp Val Ala Gin Arg Gly Lys Pro Glu 
145 150 155 160 

Ala Gin Pro Phe Ala His Leu Thr lie Asn Ala Ala Ser lie Pro Ser 
165 170 175 

Gly Ser His Lys Val Thr Leu Ser Ser Trp Tyr His Asp Arg Gly Trp 
180 185 190 

Ala Lys lie Ser Asn Met Thr Leu Ser Asn Gly Lys Leu Arg Val Asn 
195 200 205 

Gin Asp Gly Phe Tyr Tyr Leu Tyr Ala Asn lie Cys Phe Arg His His 
210 215 220 

Glu Thr Ser Gly Ser Val Pro Thr Asp Tyr Leu Gin Leu Met Val Tyr 
225 230 235 240 

Val Val Lys Thr Ser lie Lys lie Pro Ser Ser His Asn Leu Met Lys 
245 250 255 

Gly Gly Ser Thr Lys Asn Trp Ser Gly Asn Ser Glu Phe His Phe Tyr 
260 265 270 

Ser lie Asn Val Gly Gly Phe Phe Lys Leu Arg Ala Gly Glu Glu lie 
275 280 285 
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Ser He Gin Val Ser Asn Pro Ser Leu Leu Asp Pro Asp Gin Asp Ala 
290 295 300 

Thr Tyr Phe Gly Ala Phe Lys Val Gin Asp He Asp 
305 310 315 



(2) INFORMATION FOR SEQ ID KO: 38: 

(i) SEQUENCE CHARACTERISTICS: ' 

(A) LENGTH: 2271 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 185.. 1135 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38: 

AAGCTTGGTA CCGAGCTCGG ATCCACTACT CGACCCACGC GTCCGCGCGC CCCAGGAGCC 60 

AAAGCCGGGC TCCAAGTCGG CGCCCCACGT CGAGGCTCCG CCGCAGCCTC CGGAGTTGGC 12 0 

CGCAGACAAG AAGGGGAGGG AGCGGGAGAG GGAGGAGAGC TCCGAAGCGA GAGGGCCGAG 180 

CGCC ATG CGC CGC GCC AGC AGA GAC TAC ACC AAG TAG CTG CGT GGC TCG 229 
Met Arg Arg Ala Ser Arg Asp Tyr Thr Lys Tyr Leu Arg Gly Ser 
15 10 15 

GAG GAG ATG GGC GGC GGC CCC GGA GCC CCG CAC GAG GGC CCC CTG CAC 27 7 

Glu Glu Met Gly Gly Gly Pro Gly Ala Pro His Glu Gly Pro Leu His 
20 25 30 

GCC CCG CCG CCG CCT GCG CCG CAC CAG CCC CCC GCC GCC TCC CGC TCC 325 
Ala Pro Pro Pro Pro Ala Pro His Gin Pro Pro Ala Ala Ser Arg Ser 
35 40 ■ 45 ■ 

ATG TTC GTG GCC CTC CTG GGG CTG GGG CTG GGC CAG GTT GTC TGC AGC 37 3 

Met Phe Val Ala Leu Leu Gly Leu Gly Leu Gly Gin Val Val Cys Ser 
50 55 60 

GTC GCC CTG TTC TTC TAT TTC AGA GCG CAG ATG GAT CCT AAT AGA ATA 421 
Val Ala Leu Phe Phe Tyr Phe Arg Ala Gin Met Asp Pro Asn Arg He 
65 70 75 

TCA GAA GAT GGC ACT CAC TGC ATT TAT AGA ATT TTG AGA CTC CAT GAA 469 
Ser Glu Asp Gly Thr His Cys He Tyr Arg He Leu Arg Leu His Glu 
80 85 90 95 

AAT GCA GAT TTT CAA GAC ACA ACT CTG GAG AGT CAA GAT ACA AAA TTA 517 
Asn Ala Asp Phe Gin Asp Thr Thr Leu Glu Ser Gin Asp Thr Lys Leu 
100 105 110 

ATA CCT GAT TCA TGT AGG AGA ATT AAA CAG GCC TTT CAA GGA GCT GTG . 565 
He Pro Asp Ser Cys Arg Arg He Lys Gin Ala Phe Gin Gly Ala Val 
115 120 125 

CAA AAG GAA TTA CAA CAT ATC GTT GGA TCA CAG CAC ATC AGA GCA GAG 613 
Gin Lys Glu Leu Gin His He Val Gly Ser Gin His He Arg Ala Glu 
130 135 140 

AAA GCG ATG GTG GAT GGC TCA TGG TTA GAT CTG GCC AAG AGG AGC AAG 661 
Lys Ala Met Val Asp Gly Ser Trp Leu Asp Leu Ala Lys Arg Ser Lys 
145 150 155 

CTT GAA GCT CAG CCT TTT GCT CAT CTC ACT ATT AAT GCC ACC GAC ATC 709 
Leu Glu Ala Gin Pro Phe Ala Hie Leu Thr He Asn Ala Thr Asp He 
160 165 170 175 

CCA TCT GGT TCC CAT AAA GTG AGT CTG TCC TCT TGG TAC CAT GAT CGG 75 7 

Pro Ser Gly Ser His Lys Val Ser Leu Ser Ser Trp Tyr His Asp Arg 
180 185 190 

GGT TGG GCC AAG ATC TCC AAC ATG ACT TTT AGC AAT GGA AAA CTA ATA 805 
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Gly Trp Ala Lys He Ser Asn Met Thr Phe Ser Asn Gly Lys Leu He 
195 200 205 

GTT AAT GAG GAT GGC TTT TAT TAG CTG TAT GCC AAC ATT TGC TTT CGA 853 
Val Asn Gin Asp Gly Phe Tyr Tyr Leu Tyr Ala Asn He Cys Phe Arg 
210 215 220 



CAT CAT GAA ACT TCA GGA GAC CTA GOT ACA GAG TAT CTT CAA CTA ATG 901 
His His Glu Thr Ser Gly Asp Leu Ala Thr Glu Tyr Leu Gin Leu Met 
225 230 235 

GTG TAG GTC ACT AAA ACC AGC ATC AAA ATC CCA AGT TCT CAT ACC CTG 949 
Val Tyr Val Thr Lys Thr Ser He Lys He Pro Ser Ser His Thr Leu 
240 245 250 ' 255 



ATG AAA GGA GGA AGC ACC AAG TAT TGG TCA GGG AAT TCT GAA TTC CAT 
Met Lys Gly Gly Ser Thr Lys Tyr Trp Ser Gly Asn Ser Glu Phe His 
260 265 270 



TTT TAT TCC ATA AAC GTT GGT GGA TTT TTT AAG TTA CGG TCT GGA GAG 
Phe Tyr Ser He Asn Val Gly Gly Phe Phe Lys Leu Arg Ser Gly Glu 
275 280 285 



1045 



GAA ATC AGC ATC GAG GTC TCC AAC CCC TCC TTA CTG GAT CCG GAT CAG 
Glu He Ser He Glu Val Ser Asn Pro Ser Leu Leu Asp Pro Asp Gin 
290 295 300 



1093 



GAT GCA ACA TAC TTT GGG GCT TTT AAA GTT CGA GAT ATA GAT 1135 
Asp Ala Thr Tyr Phe Gly Ala Phe Lys Val Arg Asp He Asp 
305 310 315 



TGAGCCCCAG TTTTTGGAGT GTTATGTATT TCCTGGATGT TTGGAAACAT TTTTTAAAAC 1195 



AAGCCAAGAA AGATGTATAT AGGTGTGTGA GACTACTAAG AGGCATGGCC CCAACGGTAC 1255 . 



ACGACTCAGT ATCCATGCTC TTGACCTTGT AGAGAACACG CGTATTTACA GCCAGTGGGA 1315 



GATGTTAGAC TCATGGTGTG TTACACAATG GTTTTTAAAT TTTGTAATGA ATTCCTAGAA 1375 
TTAAACCAGA TTGGAGCAAT TACGGGTTGA CCTTATGAGA AACTGCATGT GGGCTATGGG 1435 



AGGGGTTGGT CCCTGGTCAT GTGCCCCTTC GCAGCTGAAG TGGAGAGGGT GTCATCTAGC 1495 
GCAATTGAAG GATCATCTGA AGGGGCAAAT TCTTTTGAAT TGTTACATCA TGCTGGAACC 1555 



TGCAAAAAAT ACTTTTTCTA ATGAGGAGAG AAAATATATG TATTTTTATA TAATATCTAA 1615 
AGTTATATTT CAGATGTAAT GTTTTCTTTG CAAAGTATTG TAAATTATAT TTGTGCTATA 1675 



GTATTTGATT CAAAATATTT AAAAATGTCT TGCTGTTGAC ATATTTAATG TTTTAAATGT 1735 



ACAGACATAT TTAACTGGTG CACTTTGTAA ATTCCCTGGG GAAAACTTGC AGCTAAGGAG 1795 
GGGAAAAAAA TGTTGTTTCC TAATATCAAA TGCAGTATAT TTCTTCGTTC TTTTTAAGTT 1855 



AATAGATTTT TTCAGACTTG TCAAGCCTGT GCAAAAAAAT TAAAATGGAT GCCTTGAATA 1915 



ATAAGCAGGA TGTTGGCCAC CAGGTGCCTT TCAAATTTAG AAACTAATTG ACTTTAGAAA 1975 
GCTGACATTG CCAAAAAGGA TACATAATGG GCCACTGAAA TCTGTCAAGA GTAGTTATAT 2035 



AATTGTTGAA CAGGTGTTTT TCCACAAGTG CCGCAAATTG TACCTTTTTT TTTTTTTCAA 2 095 



AATAGAAAAG TTATTAGTGG TTTATCAGCA AAAAAGTCCA ATTTTAATTT AGTAAATGTT 2155 
ATCTTATACT GTACAATAAA AACATTGCCT TTGAATGTTA ATTTTTTGGT ACAAAAATAA 2215 



ATTTATATGA AAAAAAAAAA AAAAGGGCGG CCGCTCTAGA GGGCCCTATT CTATAG 2271 



(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 317 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGV: linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ! 


ED NO: 39: 
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What is claimed is: 55 

1. A method of inhibiting bone resorption in a mammal in 
need thereof comprising administering to the mammal an 
antagonist antibody or binding fragment thereof which binds 
to the osteoprotegerin binding protein of SEQ ID NO:39. 

2. The method of claim 1 wherein the antibody is a 
monoclonal antibody or binding fragment thereof 

3. The method of claim ! wherein the antibody is a 
recombinant antibody or binding fragment thereof 

4. The method of claim 3 wherein the antibody or 65 
fragment is a chimeric antibody or a CDR-grafted antibody 

or a binding fragment thereof 



5. The method of claim 1 wherein the antibody is a human 
antibody or binding fragment thereof 

6. The method of claim 5 wherein the antibody is prepared 
by immunization of a transgenic animal capable of produc- 
ing human antibodies. 

7. The method of claim 1 wherein the antibody or binding 
fragment thereof binds to an epitope on the extracellular 
domain or to an epitope on a fragment of the extracellular 
domain of an osteoprotegerin binding protein. 

8. The method of claim 7 wherein the epitope comprises 
the BB' loop of an osteoprotegerin binding protein. 

9. The method of claim 7 wherein the epitope comprises 
the EF loop of an osteoprotegerin binding protein. 
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10. The method of claim 1 wherein the antibody or 
binding fragment fUrther comprises a composition compris- 
ing a pharmaceutically acceptable diluent, carrier, solubi- 
lizer, emulsifier, preservative and/or adjuvant. 

11. The method of any of claims 1, 2, 3, 4, 5, 7, or 10 5 
further comprising administering one or more of a bone 
morphogenic factor, transforming growth factor- p, a trans- 
forming growth factor- p family member, a fibroblast growth 
factor, an interleukin-1 inhibitor, a TNFa inhibitor, a par- 
athyroid hormone, an E series prostaglandin, a bisphospho- lO 
nate, or a bone-enhancing mineral. 

12. The method of any of claims 1, 2, 3, 4, 5, 7, or 10 or 
wherein bone resorption is associated with a bone disease 
selected from osteoporosis, osteomyelitis, hypercalcemia, 
osteopenia brought on by surgery or steroid administration, 15 
Paget' s disease, osteonecrosis, bone loss due to rheumatoid 
arthritis, periodontal bone loss, osteopenia due to immobi- 
lization, prosthetic loosening and osteolytic metastasis. 

13. The method of claim 1 wherein the antibody or 
binding fragment thereof binds to a membrane associated 20 
form of osteoprotegerin binding protein. 

14. The method of claim 1 wherein the antibody or 
binding fragment thereof binds to a soluble osteoprotegerin 
binding protein. 

15. A method of inhibiting osteoclastogenesis in a mam- 25 
mal in need thereof comprising administering to the mam- 
mal an antagonist antibody or binding fragment thereof 
which binds to the osteoprotegerin binding protein of SEQ 
ID NO:39. 

16. The method of claim 15 wherein the antibody is a 30 
monoclonal antibody or binding fragment thereof. 

17. The method of claim 15 wherein the antibody is a 
recombinant antibody or binding fragment thereof. 

18. The method of claim 15 wherein the antibody is a 
chimeric antibody or a CDR-grafted antibody. 35 

19. The method of claim 15 wherein the antibody is a 
human antibody or binding fragment thereof. 

20. The method of claim 19 wherein the antibody is 
prepared by immunization of a transgenic animal capable of 
producing human antibodies. 40 

21. The method of claim 15 wherein the antibody or 
binding fragment thereof binds to an epitope on the extra- 
cellular domain or to an epitope on a fragment of the 
extracellular domain of an osteoprotegerin binding protein. 
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22. Tlie method of claim 21 wherein the epitope com- 
prises the BB' loop of an osteoprotegerin binding protein. 

23. The method of claim 21 wherein the epitope com- 
prises the EF loop of an osteoprotegerin binding protein. 

24. The method of claim 15 wherein the antibody or. 
binding fragment thereof binds to a membrane associated 
form of osteoprotegerin binding protein. 

25. The method of claim 15 wherein the antibody or 
binding fragment thereof binds to a soluble osteoprotegerin 
binding protein. 

26. The method of claim 15 wherein the antibody or 
binding fragment fiirther comprises a composition compris- 
ing a pharmaceutically acceptable diluent, carrier, solubi- 
lizer, emulsifier, preservative and/or adjuvant. 

27. The method of any of claims 15, 16, 17, 18, 19, 21, 24, 
25, or 26 further comprising administering one or more of a 
bone morphogenic factor, transforming growth factor- p, a 
transforming growth factor- p family member, a fibroblast 
growth factor, an interleukin-1 inhibitor, a TNFa inhibitor, 
a parathyroid hormone, an E series prostaglandin, a bispho- 
sphonate, or a bone-enhancing mineral. 

28. The method of any of claims 15, 16, 17, 18, 19, 21, 24, 
25, or 26 wherein osteoclastogenesis is associated with a 
condition selected from osteoporosis, osteomyelitis, hyper- 
calcemia, osteopenia brought on by surgery or steroid 
administration, Paget's disease, osteonecrosis, bone loss due 
to rheumatoid arthritis, periodontal bone loss, osteopenia 
due to immobilization, prosthetic loosening and osteolytic 
metastasis. 

29. The method of claims 1 or 15 wherein the mammal is 
a human. 

30. The method of claims 1 or 15 wherein the antibody is 
raised against an osteoprotegerin binding protein comprising 
the amino acid sequence of SEQ ID NO:39 or an antigenic 
fragment thereof 

31. The method of claim 1 or 15 wherein the antibody is 
raised against an osteoprotegerin binding protein comprising 
the amino acid sequence of SEQ ID NO: 39 from residues 
69-317. 
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HIGHLIGHTS OF PRESCRIBING INFORMATION 

These highlights do not include all the information needed to use Prolia 

safely and effectively. See full prescribing information for Prolia. 

Prolia ™ (denosumab) 
Injection, for subcutaneous use 

Initial US Approval: 2010 

INDICATIONS AND USAGE 

Prolia is a RANK ligand (RANKL) inhibitor indicated for: 

• Treatment of postmenopausal women with osteoporosis at high risk for 
fracture (1.1) 

DOSAGE AND ADMINISTRATION 

• Prolia should be administered by a healthcare professional (2.1) 

• Administer 60 mg every 6 months as a subcutaneous injection in the 
upper arm, upper thigh, or abdomen (2. 1 ) 

• Instruct patients to take calcium 1 000 mg daily and at least 400 lU 
vitamin D daily (2.1) 

DOSAGE FORMS AND STRENGTHS 

• Single-use prefilled syringe containing 60 mg in a 1 mL solution (3) 

• Single-use vial containing 60 mg in a 1 mL solution (3) 

CONTRA INDICATIONS 

• Hypocalcemia (4. 1 , 5. 1 ) 

WARNINGS AND PRECAUTIONS 

• Hypocalcemia: Must be corrected before initiating Prolia. May worsen 
especially in patients with renal impairment. Adequately supplement 
patients with calcium and vitamin D (5,1) 

• Serious infections including skin infections: May occur, including those 
leading to hospitalization. Advise patients to seek prompt medical 



attention if they develop signs or symptoms of infection, including 
cellulitis (5.2) 

• Dermatol ogic reactions: Dermatitis, rashes, and eczema have been 
reported. Consider discontinuing Prolia if severe symptoms develop 
(5.3) 

• Osteonecrosis of the jaw: Has been reported with Prolia. Monitor for 
symptoms (5.4) 

• Suppression of bone turnover: Significant suppression has been 
demonstrated. Monitor for consequences of bone oversuppression (5.5) 

ADVERSE REACTIONS 

• Most common adverse reactions (> 5% and more common than 
placebo): back pain, pain in extremity, hypercholesterolemia, 
musculoskeletal pain, and cystitis. Pancreatitis has been reported in 
clinical trials (6,1). 

To report SUSPECTED ADVERSE REACTIONS, contact Amgen Inc. at 
1-800-77-AMGEN (1-800-772-6436) or FDA at 1-800-FDA-1088 or 
www.fda.gov/medwatch. 

. USE IN SPECIFIC POPULATIONS 

• Pregnancy: Based on animal data, may cause fetal harm. Pregnancy 
■ Surveillance Program available (8. 1 ) 

• Nursing mothers: May impair mammary gland development and 
lactation. Discontinue drug or nursing (8.3) 

• Pediatric patients: Safety and efficacy not established (8.4) 

• Renal impairment: No dose adjustment is necessary in patients with 
renal impairment. Patients with creatinine clearance < 30 mL/min or 
receiving dialysis are at risk for hypocalcemia. Supplement with 
calcium and vitamin D and consider monitoring serum calcium (8.6) 

See 17 for PATIENT COUNSELING INFORMATION and Medication 
Guide. 

Revised: 06/2010 
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FULL PRESCMBING INFORMATION 



1 INDICATIONS AND USAGE 

LI Treatment of Postmenopausal Women with Osteoporosis at High Risk for Fracture 

Prolia is indicated for the treatment of postmenopausal women with osteoporosis at high risk for fracture, 
defined as a history of osteoporotic fracture, or multiple risk factors for fracture; or patients who have 
failed or are intolerant to other available osteoporosis therapy. In postmenopausal women with 
osteoporosis, Prolia reduces the incidence of vertebral, nonvertebral, and hip fractures [see Clinical 
Studies (14.1)]. 

2 DOSAGE AND ADMINISTRATION 

2.1 Recommended Dosage 

Prolia should be administered by a healthcare professional. 

The recomniended dose of Prolia is 60 mg administered as a single subcutaneous injection once every 
6 months. Administer Prolia via subcutaneous injection in the upper arm, the upper thigh, or the 
abdomen. All patients should receive calcium 1000 mg daily and at least 400 lU vitamin D daily [see 
Warnings and Precautions (5J)], 

If a dose of Prolia is missed, administer the injection as soon as the patient is available. Thereafter, 
schedule injections every 6 months from the date of the last injection. 

2.2 Preparation and Administration 

Visually inspect Prolia for particulate matter and discoloration prior to administration whenever solution 
and container permit. Prolia is a clear, colorless to pale yellow solution that may contain trace amounts of 
translucent to white proteinaceous particles. Do not use if the solution is discolored or cloudy or if the 
solution contains many particles or foreign particulate matter. 

Latex Allergy : People sensitive to latex should not handle the grey needle cap on the single-use prefilled 
syringe, which contains dry natural rubber (a derivative of latex). 

Prior to administration, Prolia may be removed from the refrigerator and brought to room temperature (up 
to 25°C/77°F) by standing in the original container. This generally takes 15 to 30 minutes. Do not warm 
Prolia in any other way [see How Supplied/Storage and Handling (16)]. 

Instructions for Prefilled Svrinse with Needle Safety Guard 

IMPORTANT: In order to minimize accidental needlesticks, the Prolia single-use prefilled syringe will 
have a green safety guard; manually activate the safety guard after the injection is given. 

DO NOT slide the green safety guard forward over the needle before administering the injection; it will 
lock in place and prevent injection. 
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Plunger 




[Meed fe Cap 
(grey rubber) 



^^^^ — Finger Grip 
(ctear ptastk) 



Activate the green safety guard (slide over the needle) after the injection. 

The grey needle cap on the single use prefiUed syringe contains dry natural rubber (a derivative of latex); 
people sensitive to latex should not handle the cap. 

Step I: Remove Grey Needle Cap 



Remove needle cap. . 




Step 2: Administer Injection 



Insert needle and inject all the liquid. 




DO NOT put grey needle cap back on needle. 

Step 3: Immediately Slide Green Safety Guard Over Needle 

With the needle pointing away from you ... 

Hold the prefilled syringe by the clear plastic finger grip with one hand. Then, w^ith the other hand, grasp 
the green safety guard by its base and gently slide it towards the needle until the green safety guard locks 
securely in place and/or you hear a "click." DO NOT grip the green safety guard too firmly - it will 
move easily if you hold and slide it gently. 
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Gently slide green safety guard over 
needle and lock securely in place. Do 
not grip green safety guard too firmly 
when sliding over needle. 




Immediately dispose of the syringe and needle cap in the nearest sharps container. DO NOT put the 
needle cap back on the used syringe. 

Instructions for Sinsle-use Vial 

For administration of Prolia from the single-use vial, use a 27-gauge needle to withdraw and inject the 
1 mL dose. Do not re-enter the vial. Discard vial and any liquid remaining in the vial. 



3 DOSAGE FORMS AND STRENGTHS 

1 mL of a 60 mg/mL solution in a single-use prefiUed syringe 
• 1 mL of a 60 mg/mL solution in a single-use vial 

4 CONTRAINDICATIONS 
4.1 Hypocalcemia 

Pre-existing hypocalcemia must be corrected prior to initiating therapy with Prolia [see Warnings and 
Precautions (5,1)], 

5 WARNINGS AND PRECAUTIONS 
5.1 Hypocalcemia and Mineral Metabolism 

Hypocalcemia may be exacerbated by the use of Prolia. Pre-existing hypocalcemia must be corrected 
prior to initiating therapy with Prolia. In patients predisposed to hypocalcemia and disturbances of 
mineral metabolism (e.g. history of hypoparathyroidism, thyroid surgery, parathyroid surgery, 
malabsorption syndromes, excision of small intestine, severe renal impairment [creatinine clearance 
< 30 mL/min] or receiving dialysis), clinical monitoring of calcium and mineral levels (phosphorus and 
magnesium) is highly recommended. 
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Hypocalcemia following Prolia administration is a significant risk in patients with severe renal 
impairment [creatinine clearance < 30 mL/min], or receiving dialysis. Instruct all patients with severe 
renal impairment, including those receiving dialysis, about the symptoms of hypocalcemia and the 
importance of maintaining calcium levels with adequate calcium and vitamin D supplementation. 

Adequately supplement all patients with calcium and vitamin D [see Dosage and Administration (2J), 
Contraindications (4.1), Adverse Reactions (6.1), and Patient Counseling Information (17.1)]. 

5.2 Serious Infections 

In a clinical trial of over 7800 women with postmenopausal osteoporosis, serious infections leading to 
hospitalization were reported more frequently in the Prolia group than in the placebo group [see Adverse 
Reactions (6.1)]. Serious skin infections, as well as infections of the abdomen, urinary tract, and ear, 
were more frequent in patients treated with Prolia. Endocarditis was also reported more frequently in 
Prolia-treated subjects. The incidence of opportunistic infections was balanced between placebo and 
Prolia groups, and the overall incidence of infections was similar between the treatment groups. Advise 
patients to seek prompt medical attention if they develop signs or symptoms of severe infection, including 
cellulitis. 

Patients on concomitant immunosuppressant agents or with impaired immune systems may be at 
increased risk for serious infections. Consider the benefit-risk profile in such patients before treating with 
Prolia. In patients who develop serious infections while on Prolia, prescribers should assess the need for 
continued Prolia therapy. 

5.3 Dermatologic Adverse Reactions 

In a large clinical trial of over 7800 women with postmenopausal osteoporosis, epidermal and dermal 
adverse events such as dermatitis, eczema, and rashes occurred at a significantly higher rate in the Prolia 
group compared to the placebo group. Most of these events were not specific to the injection site [see 
Adverse Reactions (6. 1)]. Consider discontinuing Prolia if severe symptoms develop. 

5.4 Osteonecrosis of the Jaw 

Osteonecrosis of the jaw (ONJ), which can occur spontaneously, is generally associated with tooth 
extraction and/or local infection with delayed healing. ONJ has been reported in patients receiving 
denosumab [see Adverse Reactions (6A)]. A routine oral exam should be performed by the prescriber 
prior to initiation of Prolia treatment. A dental examination with appropriate preventive dentistry should 
be considered prior to treatment with Prolia in patients with risk factors for ONJ such as invasive dental 
procedures (e.g., tooth extraction, dental implants, oral surgery), diagnosis of cancer, concomitant 
therapies (e.g., chemotherapy, corticosteroids), poor oral hygiene, and co-morbid disorders (e.g., 
periodontal and/or other pre-existing dental disease, anemia, coagulopathy, infection, ill-fitting dentures). 
Good oral hygiene practices should be maintained during treatment with Prolia. 

For patients requiring invasive dental procedures, clinical judgment of the treating physician and/or oral 
surgeon should guide the management plan of each patient based on individual benefit-risk assessment. 

Patients who are suspected of having or who develop ONJ while on Prolia should receive care by a dentist 
or an oral surgeon. In these patients, extensive dental surgery to treat ONJ may exacerbate the condition. 
Discontinuation of Prolia therapy should be considered based on individual benefit-risk assessment. 
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5.5 Suppression of Bone Turnover 



In clinical trials in women with postmenopausal osteoporosis, treatment with Prolia resulted in significant 
suppression of bone remodeling as evidenced by markers of bone turnover and bone histomorphometry 
[see Clinical Pharmacology (12.2), Clinical Studies (14. 1)]. The significance of these findings and the 
effect of long-term treatment with Prolia are unknown. The long-term consequences of the degree of 
suppression of bone remodeling observed with Prolia may contribute to adverse outcomes such as 
osteonecrosis of the jaw, atypical fractures, and delayed fracture healing. Monitor patients for these 
consequences. 

6 ADVERSE REACTIONS 

The following serious adverse reactions are discussed below and also elsewhere in the labeling: 

• Hypocalcemia [see Warnings and Precautions (5.1)] 

• Serious Infections [see Warnings and Precautions (5,2)] 

• Dermatologic Adverse Reactions [see Warnings and Precautions (5.3)] 

• Osteonecrosis of the Jaw [see Warnings and Precautions (5.4)] 

The most common adverse reactions reported with Prolia are back pain, pain in extremity, 
musculoskeletal pain, hypercholesterolemia, and cystitis. 

The most common adverse reactions leading to discontinuation of Prolia are breast cancer, back pairi, and 
constipation. 

The Prolia Postmarketing Active Safety Surveillance Program is available to collect information from 
prescribers on specific adverse events. Please see www.proliasafety.com or call 1-800-772-6436 for more 
information about this program. 

6.1 Clinical Trials Experience 

Because clinical studies are conducted under widely varying conditions, adverse reaction rates observed 
in the clinical studies of a drug cannot be directly compared to rates in the clinical studies of another drug 
and may not reflect the rates observed in clinical practice. 

Treatment of postmenopausal women with osteoporosis 

The safety of Prolia in the treatment of postmenopausal osteoporosis was assessed in a 3-year, 
randomized, double-blind, placebo-controlled, multinational study of 7808 postmenopausal women aged 
60 to 91 years. A total of 3876 women were exposed to placebo and 3886 women were exposed to Prolia 
administered subcutaneously once every 6 months as a single 60 mg dose. All women were instructed to 
take at least 1000 mg of calcium and 400 lU of vitamin D supplementation per day. 

The incidence of all-cause mortality was 2.3% (n = 90) in the placebo group and 1 .8% (n = 70) in the 
Prolia group. The incidence of nonfatal serious adverse events was 24.2% in the placebo group and 
25.0% in the Prolia group. The percentage of patients who withdrew from the study due to adverse events 
was 2.1% and 2.4% for the placebo and Prolia groups, respectively. 

Adverse reactions reported in > 2% of postmenopausal women with osteoporosis and more frequently in 
the Prolia-treated women than in the placebo-treated women are shown in the table below. 
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Table 1. Adverse Reactions Occurring in > 2% of Patients with Osteoporosis and More Frequently 
than in Placebo-treated Patients 



SYSTEM ORGAN CLASS 
Preferred Term 


Prolia 

(N = 3886) 
n (%) 


Placebo 
(N = 3876) 
n(%) 


BLOOD AND LYMPHATIC SYSTEM DISORDERS 

Anemia 


129 (3.3) 


107 (2.8) 


CARDIAC DISORDERS 

Angina pectoris 
Atrial fibrillation 


101 (2.6) 
79 (2.0) 


87 (2:2) 
77 (2.0) 


EAR AND LABYRINTH DISORDERS 

Vertigo 


195 (5.0) 


187(4.8) 


GASTROINTESTINAL DISORDERS 

Abdominal pain upper 
Flatulence 

Gastroesophageal reflux disease 


129 (3.3) 
84 (2.2) 
80(2.1) 


1 1 1 (2.9) 
53(1.4) 
66(1.7) 


GENERAL DISORDERS AND ADMINISTRATION 
SITE CONDITIONS 

Edema peripheral 
Asthenia 


189(4.9) 
90 (2.3) 


155(4.0) 
73(1.9) 


INFECTIONS AND INFESTATIONS 

Cystitis 

Upper respiratory tract infection 

Pneumonia 

Pharyngitis 

Herpes zoster 


228 (5.9) 
190(4.9) 
152(3.9) 
91 (2.3) 
79 (2.0) 


225 (5.8) 
167(4.3) 
150(3.9) 
78 (2.0) 
72(1.9) 


METABOLISM AND NUTRITION DISORDERS 

Hypercholesterolemia 


280 (7.2) 


236(6.1) 


MUSCULOSKELETAL AND CONNECTIVE TISSUE 
DISORDERS 

Back pain 

Pain in extremity 

Musculoskeletal pain 

Bone pain 

Myalgia 

Spinal osteoarthritis 


1347(34.7) 
453(11.7) 
297 (7.6) 
142 (3.7) 
114(2.9) 
82(2.1) 


1340 (34.6) 
430(11.1) 
291 (7.5) 
117(3.0) 
94 (2.4) 
64(1.7) 
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SYSTEM ORGAN CLASS 
Preferred Term 


Prolia 
(N = 3886) 
n 

n /o) 


Placebo 
(N = 3876) 


NERVOUS SYSTEM DISORDERS 






Sciatica 


178 (4.6) 


149 (3.8) 


PSYCHIATRIC DISORDERS 






Insomnia 


126(3.2) 


122 (3.1) 


SKIN AND SUBCUTANEOUS TISSUE DISORDERS 






Rash 


■ 96 (2.5) 


79 (2.0) 


Pruritus 


87 (2.2) 


82(2.1) 



Hypocalcemia 

Decreases in serum calcium levels to less than 8.5 mg/dL were reported in 0.4% women in the placebo 
group and 1.7% women in the Prolia group at the month 1 visit. The nadir in serum calcium level occurs 
at approximately day 10 after Prolia dosing in subjects with normal renal function. 

In clinical studies, subjects with impaired renal function were more likely to have greater reductions in 
serum calcium levels compared to subjects with normal renal function. In a study of 55 patients with 
varying degrees of renal function, serum calcium levels < 7.5 mg/dL or symptomatic hypocalcemia were 
observed in 5 subjects. These included no subjects in the normal renal function group, 10% of subjects in 
the CrCL 50 to 80 mL/min group, 29% of subjects in the CrCL < 30 mL/min group, and 29% of subjects 
in the hemodialysis group. These subjects did not receive calcium and vitamin D supplementation. In a 
study of 4,550 postmenopausal women with osteoporosis, the mean change from baseline in serum 
calcium level 10 days after Prolia dosing was -5.5% in subjects with creatinine clearance < 30 mL/min vs. 
-3.1% in subjects with CrCL > 30 mL/min. 

Serious Infections 

Receptor activator of nuclear factor kappa-B ligand (RANKL) is expressed on activated T and B 
lymphocytes and in lymph nodes. Therefore, a RANKL inhibitor such as Prolia may increase the risk of 
infection. 

In the clinical study of 7808 postmenopausal women with osteoporosis, the incidence of infections 
resulting in death was 0.2% in both placebo and Prolia treatment groups. However, the incidence of 
nonfatal serious infections was 3.3% in the placebo group and 4.0% in the Prolia group. Hospitalizations 
due to serious infections in the abdomen (0.7% placebo vs. 0.9% Prolia), urinary tract (0.5% placebo vs. 
0.7% Prolia), and ear (0.0% placebo vs. 0.1% Prolia) were reported. Endocarditis was reported in no 
placebo patients and 3 patients receiving Prolia. 

Skin infections, including erysipelas and cellulitis, leading to hospitalization were reported more 
frequently in patients treated with Prolia (< 0. 1 % placebo vs. 0.4% Prolia). 

There was no imbalance in the reporting of opportunistic infections. 

Dermatolosic Reactions 

A significantly higher number of patients treated with Prolia developed epidermal and dermal adverse 
events (such as dermatitis, eczema, and rashes), with these events reported in 8.2% of placebo and 10.8% 
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of Prolia group (p < 0.0001). Most of these events were not specific to the injection site [see Warnings 
and Precautions (5.3)]. 

Osteonecrosis of the Jaw 

ONJ has been reported in the osteoporosis clinical trial program in patients treated with Prolia [see 
Warnings and Precautions (5A)]. 

Pancreatitis 

Pancreatitis was reported in 4 patients (0.1%) in the placebo and 8 patients (0.2%) in the Prolia groups. 
Of these reports, one subject in the placebo group and all 8 subjects in the Prolia group had serious events 
including one death in the Prolia group. Several patients had a prior history of pancreatitis. The time 
from product administration to event occurrence was variable. 

New Malignancies 

The overall incidence of new malignancies was 4.3% in the placebo and 4.8% in the Prolia groups. New 
malignancies related to breast (0.7% placebo vs. 0.9% Prolia), reproductive (0.2% placebo vs. 0.5% 
Prolia), and gastrointestinal systems (0.6% placebo vs. 0.9% Prolia) were reported. A causal relationship 
to drug exposure has not been established. 

Immunosenicitv 

Denosumab is a human monoclonal antibody. As with all therapeutic proteins, there is potential for 
immunogenicity. Using an electrochemiluminescent bridging immunoassay, less than 1% (55 out of 
8113) of patients treated with Prolia for up to 5 years tested positive for binding antibodies (including 
pre-existing, transient, and developing antibodies). None of the patients tested positive for 
neutralizing antibodies, as was assessed using a chemiluminescent cell-based in vitro biological assay. 
No evidence of altered pharmacokinetic profile, toxicity profile, or clinical response was associated 
with binding antibody development. 

The incidence of antibody formation is highly dependent on the sensitivity and specificity of the assay. 
Additionally, the observed incidence of a positive antibody (including neutralizing antibody) test result 
may be influenced by several factors, including assay methodology, sample handling, timing of sample 
collection, concomitant medications, and underlying disease. For these reasons, comparison of antibodies 
to denosumab with the incidence of antibodies to other products may be misleading. 

7 DRUG INTERACTIONS 

No drug-drug interaction studies have been conducted with Prolia. 

8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 

Pregnancy Category C 

There are no adequate and well-controlled studies of Prolia in pregnant women. In genetically 
engineered mice in which RANK ligand (RANKL) was turned off by gene removal (a "knockout 
mouse"), absence of RANKL (the target of denosumab) caused fetal lymph node agenesis and led to 
postnatal impairment of dentition and bone growth. Pregnant RANKL knockout mice also showed 
altered maturation of the maternal mammary gland, leading to impaired lactation postpartum [see Use in 
Specific Populations (8. 3) J. - 
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Prolia is approved only for use in postmenopausal women. Prolia should be used during pregnancy only 
if the potential benefit justifies the potential risk to the fetus. Women who become pregnant during 
Prolia treatment are encouraged to enroll in Amgen's Pregnancy Surveillance Program. Patients or their 
physicians should call 1-800-77-AMGEN (1-800-772-6436) to enroll. 

In an embryofetal developmental study, cynomolgus monkeys received subcutaneous denosumab weekly 
during organogenesis at doses up to 1 3-fold higher than the recommended human dose of 60 mg 
administered once every 6 months based on body weight (mg/kg). No evidence of maternal toxicity or 
fetal harm was observed. However, this study only assessed fetal toxicity during a period equivalent to 
the first trimester and fetal lymph nodes were not examined. Monoclonal antibodies are transported 
across the placenta in a linear fashion as pregnancy progresses, with the largest amount transferred during 
the third trimester. Potential adverse developmental effects resulting from exposures during the second 
and third trimesters have not been assessed in animals [see Nonclinical Toxicology (13,2)]. 

8.3 Nursing Mothers 

It is not known whether Prolia is excreted into human milk. Because many drugs are excreted in human 
milk and because of the potential for serious adverse reactions in nursing infants from Prolia, a decision 
should be made whether to discontinue nursing or discontinue the drug, taking into account the 
importance of the drug to the mother. 

Maternal exposure to Prolia during pregnancy may impair mammary gland development and lactation 
based on animal studies in pregnant mice lacking the RANK/RANKL signaling pathway that have shown 
altered maturaUon of the maternal mammary gland, leading to impaired lactation postpartum [see 
Nonclinical Toxicology (13,2)]. 

8.4 Pediatric Use 

Prolia is not recommended in pediatric patients. The safety and effectiveness of Prolia in pediatric 
patients have not been established. 

Treatment with Prolia may impair bone growth in children with open growth plates and may inhibit 
eruption of dentition. In neonatal rats, inhibition of RANKL (the target of Prolia therapy) with a 
construct of osteoprotegerin bound to Fc (OPG-Fc) at doses < 10 mg/kg was associated with inhibition of 
bone growth and tooth eruption. Adolescent primates dosed with denosumab at 10 and 50 times (10 and 
50 mg/kg dose) higher than the recommended human dose of 60 mg administered once every 6 months, 
based on body weight (mg/kg), had abnormal growth plates [see Nonclinical Toxicology (13.2)]. 

8.5 Geriatric Use 

Of the total number of patients in clinical studies of Prolia, 9943 patients (76%) were > 65 years old, 
while 3576 (27%) were > 75 years old. No overall differences in safety or efficacy were observed 
between these patients and younger patients and other reported clinical experience has not identified 
differences in responses between the elderly and younger patients, but greater sensitivity of some older 
individuals cannot be ruled out. 

8.6 Renal Impairment 

No dose adjustment is necessary in patients with renal impairment. 
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In clinical studies, patients with severe renal impairment (creatinine clearance < 30 mL/min) or receiving 
dialysis were at greater risk of developing hypocalcemia. Consider the benefit-risk profile when 
administering Prolia to patients with severe renal impairment or receiving dialysis. Clinical monitoring of 
calcium and mineral levels (phosphorus and magnesium) is highly recommended. Adequate intake of 
calcium and vitamin D is important in patients with severe renal impairment or receiving dialysis [see 
Warnings and Precautions (5 J), Adverse Reactions (6,1), and Clinical Pharmacology (12.3)], 

8.7 Hepatic Impairment 

No clinical studies have been conducted to evaluate the effect of hepatic impairment on the 
pharmacokinetics of Prolia. 

10 OVERDOSAGE 

There is no experience with overdosage with Prolia. 

11 DESCRIPTION 

Prolia (denosumab) is a human IgG2 monoclonal antibody with affinity and specificity for human 
RANKL (receptor activator of nuclear factor kappa-B ligand). Denosumab has an approximate molecular 
weight of 147 kDa and is produced in genetically engineered mammalian (Chinese hamster ovary) cells. 

Prolia is a sterile, preservative-free, clear, colorless to pale yellow solution. 

Each 1 mL single-use prefilled syringe of Prolia contains 60 mg denosumab (60mg/mL solufion), 4.7% 
sorbitol, 17 mM acetate, 0.01% polysorbate 20, Water for Injection (USP), and sodium hydroxide to a pH 
of5,2. 

Each 1 mL single-use vial of Prolia contains 60 mg denosumab (60 mg/mL solution), 4.7% sorbitol, 
17 niM acetate. Water for Injection (USP), and sodium hydroxide to a pH of 5.2. 

12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 

Prolia binds to RANKL, a transmembrane or soluble protein essential for the formation, fiinction, and 
survival of osteoclasts, the cells responsible for bone resorption. Prolia prevents RANKL fi-om activating 
its receptor, RANK, on the surface of osteoclasts and their precursors. Prevention of the RANKL/RANK 
interaction inhibits osteoclast formation, fiinction, and survival, thereby decreasing bone resorption and 
increasing bone mass and strength in both cortical and trabecular bone. 

12.2 Pharmacodynamics 

In clinical studies, treatment with 60 mg of Prolia resulted in reduction in the bone resorption marker 
semm type 1 C-telopepfide (CTX) by approximately 85% by 3 days, with maximal reductions occurring 
by 1 month. CTX levels were below the limit of assay quantitation (0.049 ng/mL) in 39-68% of subjects 
1-3 months after dosing of Prolia. At the end of each dosing interval, CTX reductions were partially 
attenuated from a maximal reduction of > 87% to > 45% (range: 45% to 80%), as serum denosumab 
levels diminished, reflecting the reversibility of the effects of Prolia on bone remodeling. These effects 
were sustained with continued treatment. Upon reinitiation, the degree of inhibition of CTX by Prolia 
was similar to that observed in patients initiating Prolia treatment. 
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Consistent with the physiological coupling of bone formation and resorption in skeletal remodeling, 
subsequent reductions in bone formation markers (i.e., osteocalcin and procollagen type 1 N-terminal 
peptide [PINP]) were observed starting 1 month after the first dose of Prolia. After discontinuation of 
Prolia therapy, markers of bone resorption increased to levels 40-60% above pretreatment values but 
returned to baseline levels within 12 months. 

12.3 Pharmacokinetics 

In a study conducted in healthy male and female volunteers (n = 73, age range: 18 to 64 years) following 
a single subcutaneously administered Prolia dose of 60 mg after fasting (at least for 12 hours), the mean 
maximum denosumab concentration (C,nax) was 6.75 mcg/mL (standard deviation [SD] = 1.89 mcg/mL). 
The median time to maximum denosumab concentration (T^ax) was 10 days (range: 3 to 21 days). After 
Cmax, serum denosumab concentrations declined over a period of 4 to 5 months with a mean half-life of 

25.4 days (SD = 8.5 days; n = 46). The mean area-under-the-concentration-time curve up to 16 weeks 
(AUCo-16 weeks) of dcnosumab was 316 mcg day/mL (SD =101 mcg day/mL). 

No accumulation or change in denosumab pharmacokinetics with time was observed upon multiple 
dosing of 60 mg subcutaneously administered once every 6 months. 

Prolia pharmacokinetics were not affected by the formation of binding antibodies. 

A population pharmacokinetic analysis was performed to evaluate the effects of demographic 
characteristics. This analysis showed no notable differences in pharmacokinetics with age (in 
postmenopausal women), race, or body weight (36 to 140 kg). 

Drug Interactions 

No drug-drug interaction studies have been conducted with Prolia. 
Specific Populations 

Gender: Mean serum denosumab concentration-time profiles observed in a study conducted in healthy 
men> 50 years were similar to those observed in a study conducted in postmenopausal women using the 
same dose regimen. 

Age: The pharmacokinetics of denosumab was not affected by age across all populations studied whose 
ages ranged fi-om 28-87 years. 

Race: The pharmacokinetics of denosumab was not affected by race. 

Renal Impairment: In a study of 55 patients with varying degrees of renal fiinction, including patients on 
dialysis, the degree of renal impairment had no effect on the pharmacokinetics of denosumab; thus, dose 
adjustment for renal impairment is not necessary. 

Hepatic Impairment: No clinical studies have been conducted to evaluate the effect of hepatic impairment 
on the pharmacokinetics of denosumab. 



Page 12 



13 NONCLINICAL TOXICOLOGY 



13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

Care inogen ic itv 

The carcinogenic potential of denosumab has not been evaluated in long-term animal studies. 
Mutasenicity 

The genotoxic potential of denosumab has not been evaluated. 
Impairment of Fertility 

Denosumab had no effect on female fertility or male reproductive organs in monkeys at doses that were 
13- to 50-fold higher than the recommended human dose of 60 mg administered once every 6 months, 
based on body weight (mg/kg). 

13.2 Animal Toxicology and/or Pharmacology 

Prolia is an inhibitor of osteoclastic bone resorption via inhibition of RANKL. 

In ovariectomized monkeys, once-monthly treatment with denosumab suppressed bone turnover and 
increased bone mineral density (BMD) and strength of cancellous and cortical bone at doses 50-fold 
higher than the recommended human dose of 60 mg administered once every 6 months, based on body 
weight (mg/kg). Bone tissue was normal with no evidence of mineralization defects, accumulation of 
osteoid, or woven bone. 

Adolescent primates treated with denosumab at doses > 10 times (10 and 50 mg/kg dose) higher than- the 
recommended human dose of 60 mg administered once every 6 months, based on mg/kg, had abnormal 
growth plates, considered to be consistent with the pharmacological activity of denosumab [see Use in 
Specific Populations (8.4)]. 

Because the biological activity of denosumab in animals is specific to nonhuman primates, evaluation of 
genetically engineered ("knockout") mice or use of other biological inhibitors of the RANK/RANKL 
pathway, namely OPG-Fc, provided additional information on the pharmacodynamic properties of 
denosumab. RANK/RANKL knockout mice exhibited absence of lymph node formation, as well as an 
absence of lactation due to inhibition of mammary gland maturation (lobulo-alveolar gland development 
during pregnancy). Neonatal RANK/RANKL knockout mice exhibited reduced bone growth and lack of 
tooth eruption. A corroborative study in 2-week-old rats given the RANKL inhibitor OPG-Fc also 
showed reduced bone growth, altered growth plates, and impaired tooth eruption. These changes were 
partially reversible in this model when dosing with the RANKL inhibitors was discontinued [see Use in 
Specific Populations (8.1,8.4)], 

14 CLINICAL STUDIES 

14.1 Postmenopausal Women with Osteoporosis 

The efficacy and safety of Prolia in the treatment of postmenopausal osteoporosis was demonstrated in a 
3-year, randomized, double-blind, placebo-controlled trial. Enrolled women had a baseline BMD T-score 
between -2.5 and -4.0 at either the lumbar spine or total hip. Women with other diseases (such as 
rheumatoid arthritis, osteogenesis imperfecta, and Paget 's disease) or on therapies that affect bone were 
excluded from this study. The 7808 enrolled women were aged 60 to 91 years with a mean age of 72 
years. Overall, the mean baseline lumbar spine BMD T-score was -2.8 and 23% of women had a 
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vertebral fracture at baseline. Women were randomized to receive SC injections of either placebo 
(N = 3906) or Prolia 60 mg (N = 3902) once every 6 months. All women received at least 1000 mg 
calcium and 400 lU vitamin D supplementation daily. 

The primary efficacy variable was the incidence of new morphometric (radiologically-diagnosed) 
vertebral fractures at 3 years. Vertebral fractures were diagnosed based on lateral spine radiographs 
(T4-L4) using a semiquantitative scoring method. Secondary efficacy variables included the incidence of 
hip fracture and non vertebral fracture, assessed at 3 years. 

Effect on Vertebral Fractures 

Prolia significantly reduced the incidence of new morphometric vertebral fractures at 1, 2, and 3 years 
(p < 0.000 1), as shown in Table 2. The incidence of new vertebral fractures at year 3 was 7.2% in the 
placebo-treated women compared to 2.3% for the Prolia-treated women. The absolute risk reduction was 
4.8% and relative risk reduction was 68% for new morphometric vertebral fractures at year 3. 



Table 2. The Effect of Prolia on the Incidence of 
New Vertebral Fractures 





Proportion of Women 
With Fracture (%)* 


Absolute Risk 
Reduction 

(%)* 
(95% CI) 


Relative Risk 
Reduction 

(%)* 
(95% CI) 




Placebo 
N = 3691 
(%) 


Prolia 
N = 3702 
(%) 


0-1 Year 


2.2 


0.9 


1.4(0.8, 1.9) 


61 (42,74) 


0-2 Yeiars 


5.0 


1.4 


3.5 (2.7, 4.3) 


71 (61, 79) 


0-3 Years 


7.2 


2.3 


4.8 (3.9, 5.8) 


68 (59, 74) 



Absolute risk reduction and relative risk reduction based on Mantel -Haenszel method adjusting for age 
group variable. 

Event rates based on crude rates in each interval. 



Prolia was effective in reducing the risk for new morphometric vertebral fractures regardless of age, 
baseline rate of bone turnover, baseline BMD, baseline history of fracture, or prior use of a drug for 
osteoporosis. 

Effect on Hip Fractures 

The incidence of hip fracture was 1 .2% for placebo-treated women compared to 0.7% for Prolia-treated 
women at year 3. The age-adjusted absolute risk reduction of hip. fractures was 0.3% with a relative risk 
reduction of 40% at 3 years (p = 0.04) (Figure 1 ). 
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Figure 1. Cumulative Incidence of Hip Fractures Over 3 Years 



— Placebo (N = 3906) 

— Prolia (N = 3902) 



, ■ , I 1 J |J 

0 6 12 18 24 30 36 

Study Month 



N = number of subjects randomized 

Effect on Nonvertebral Fractures 

Treatment with Prolia resulted in a significant reduction in the incidence of nonvertebral fractures 
(Table 3). 



Table 3. The Effect of Prolia on the Incidence of Nonvertebral Fractures at Year 3 





Proportion of Women With 
Fracture (%f 


Absolute Risk 
Reduction (%) 
(95% CI) 


Relative Risk 
Reduction (%) 
(95% CI) 




Placebo 
N = 3906 
(%) 


Prolia 
N = 3902 
(%) 


Nonvertebral 
fracture* 


8.0 


6.5 


1.5,(0.3,2.7) 


20 (5, 33)' 



p-value = 0.01. 
Event rates based on Kaplan-Meier estimates at 3 years. 
' Excluding those of the vertebrae (cervical, thoracic, and lumbar), skull, facial, mandible, metacarpus, and finger and toe 
phalanges. 



Effect on Bone Mineral Density (BMP) 

Treatment with Prolia significantly increased BMD at all anatomic sites measured at 3 years. The 
treatment differences in BMD at 3 years were 8.8% at the lumbar spine, 6.4% at the total hip, and 5.2% at 
the femoral neck. Consistent effects on BMD were observed at the lumbar spine, regardless of baseline 
age, race, weight/body mass index (BMI), baseline BMD, and level of bone turnover. 
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After Prolia discontinuation, BMD returned to approximately baseline levels within 12 months. 



Bone Histology and Histomoryhometrv 

A total of 1 15 transiliac crest bone biopsy specimens were obtained from 92 postmenopausal women with 
osteoporosis at either month 24 and/or month 36 (53 specimens in Prolia group, 62 specimens in placebo 
group). Of the biopsies obtained, 115 (100%) were adequate for qualitative histology and 7 (6%) were 
adequate for full quantitative histomorphometry assessment. 

Qualitative histology assessments showed normal architecture and quality with no evidence of 
mineralization defects, woven bone, or marrow fibrosis in patients treated with Prolia. 

The presence of double tetracycline labeling in a biopsy specimen provides an indication of active bone 
remodeling, while the absence of tetracycline label suggests suppressed bone formation. In subjects 
treated with Prolia, 35% had no tetracycline label present at the month 24 biopsy and 38% had no 
tetracycline label present at the month 36 biopsy, while 100% of placebo-treated patients had double label 
present at both time points. When compared to placebo, treatment with Prolia resulted in virtually absent 
activation frequency and markedly reduced bone formation rates. However, the long-term consequences 
of this degree of suppression of bone remodeling are unknown. 

16 HOW SUPPLIED/STORAGE AND HANDLING 

Prolia is supplied in a single-use prefilled syringe with a safety guard or in a single-use vial. The grey 
needle cap on the single-use prefilled syringe contains dry natural rubber (a derivative of latex). 



60 mg/1 mL in a single-use prefilled syringe 


I per carton 


NDC 55513-710-01 


60 mg/l mL in a single-use vial 


1 per carton 


NDC 55513-720-01 



Store Prolia in a refrigerator at 2°C to 8°C (36°F to 46°F) in the original carton. Do not freeze. Prior to 
administration, Prolia may be allowed to reach room temperature (up to IS^'C/ITF) in the original 
container. Once removed from the refrigerator, Prolia must not be exposed to temperatures above 
25°C/77°F and must be used within 14 days. If not used within the 14 days, Prolia should be discarded. 
Do not use Prolia after the expiry date printed on the label. 

Protect Prolia from direct light and heat. 

Avoid vigorous shaking of Prolia. 

17 PATIENT COUNSELING INFORMATION 

See Medication Guide. 

17,1 Hypocalcemia 

Adequately supplement patients with calcium and vitamin D and instruct them on the importance of 
maintaining serum calcium levels while receiving Prolia /isee Warnings and Precautions (5.1) and Use in 
Specific Populations (8.6)], Advise patients to seek prompt medical attention if they develop signs or 
symptoms of hypocalcemia. 
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17.2 Serious Infections 



Advise patients to seek prompt medical attention if they develop signs or symptoms of infections, 
including cellulitis [see Warnings and Precautions (5.2)], 

17.3 Derma tologic Reactions 

Advise patients to seek prompt medical attention if they develop signs or symptoms of dermatological 
reactions (dermatitis, rashes, and eczema) [see Warnings and Precautions (5.3)]. 

17.4 Osteonecrosis of the Jaw 

Advise patients to maintain good oral hygiene during treatment with Prolia and to inform their dentist 
prior to dental procedures that they are receiving Prolia. Patients should inform their physician or dentist 
if they experience persistent pain and/or slov^ healing of the mouth or jav^ after dental surgery [see 
Warnings and Precautions (5.4)], 

17.5 Schedule of Administration 

If a dose of Prolia is missed, administer the injection as soon as convenient Thereafter, schedule 
injections every 6 months from the date of the last injection. 

/1MGBI' 

Manufactured by: 

Amgen Manufacturing Limited, a subsidiary of Amgen Inc. 

One Amgen Center Drive 

Thousand Oaks, California 91320-1799 

This product, its production, and/or its use^may be covered by one or more US Patents, including US 
Patent Nos. 6,740,522; 7,097,834; 7,364,^^36; and 7,41 1,050, as well as other patents or patents pending. 

© 2010 Amgen Inc. All rights reserved. 

Ixxxxxx-vl 
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ATTACHMENT D 



In re U.S. Patent No. 7,097,834 
Issued: August 29, 2006 
To: William J. Boyle 
Assignee: Amgen Inc. 

For: OSTEOPROTEGERIN BINDING PROTEINS 
Application for Patent Term Extension 
Customer No. 22852 



DESCRIPTION OF REGULATORY ACTIVITIES 



Date 


Description 


22-May-2001 


Initial IND Application: POSTMENOPAUSAL OSTEOPOROSIS 


20-Jun-2001 


Amgen teleconference 


26-JUI-2001 


Amgen phone contact 


10-Sep-2001 


Amgen fax preparation for teleconference 24 September 2001 


24-Sep-2001 


Amgen teleconference 


8-N0V-2OOI 


Review commitment, nonclinical study report 


8-NOV-2OOI 


Information Amendment 


27-NOV-2001 


Information Amendment 


18-Dec-2001 


Amgen teleconference 


20-Dec-2001 


Information Amendment 


9-Jan-2002 


Amgen teleconference phase 2 studies 


15-Jan-2002 


Response To Questions Proposal for Phase II Study 


16-Jan-2002 


Amgen teleconference 


6-Feb-2002 


Protocol Amendment 


14-Feb-2002 


Response To Questions 


14-Feb-2002 


Manufacturing change 


5-Mar-2002 


Protocol Amendment 2 


5-Mar-2002 


Information Amendment 


11-Mar-2002 


Response To Questions 


2-Apr-2002 


Protocol Amendment 1 


5-Apr-2002 


Response To Questions IND Review Jul 17, 2001 


23-Sep-2002 


Protocol Amendment 2 


28-Oct-2002 


Protocol Amendment 3 


6-N0V-2OO2 


Manufacturing change 


27-Dec-2002 


Information Amendment 


6-Jan-2003 


2002 Annual Report 


24-Jan-2003 


Protocol Amendment 4 


3-Feb-2003 


Safety Report 


23-Jun-2003 


Protocol Amendment 


30-JUI-2003 


Protocol Amendment 1 


25-Aug-2003 


2003 Annual Report 


25-Aug-2003 


Safety Report 


26-Aug-2003 


Safety Report 


26-Aug-2003 


Safety Report 


5-Sep-2003 


Safety Report 


18-Sep-2003 


2003 Annual Report Addendum 


25-Sep-2003 


Safety Report 


3-NOV-2003 


Protocol Amendment 1 


11-Dec-2003 


Protocol Amendment 5 


19-Feb-2004 


Meeting Request - End of Phase 2 Type B Meeting 


20-Feb-2004 


Meeting Request 
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12-Mar-2004 


Briefing Document 


19-Mar-2004 


Briefing nnaterials 


27-Apr-2004 


Manufacturing change 


27-Apr-2004 


Protocol Amendnnent 3 


30-Apr-2004 


Meeting Minutes 


11-May-2004 


Safety Report 


20-May-2004 


Agency nneeting summary letter 


2-Jun-2004 


Protocol Amendment 


4-Jun-2004 


Response To Questions of 20 May 2004 


14-Jun-2004 


Amgen teleconference 


15-Jun-2004 


Safety Report 


17-Jun-2004 


Protocol Amendment 6 


17-Jun-2004 


Amgen teleconference 


21-Jun-2004 


Response To Questions 


23-Jun-2004 


Meeting Minutes 


12-JUI-2004 


Safety Report 


13-Jul-2004 


Amendment to Type C Meeting - CP2 Product characterization data 


20-JUI-2004 


Protocol Amendment 


21-JUI-2004 


Information Amendment 4 


26-JUI-2004 


Safety Report 


3-Aug-2004 


Information Amendment 


5-Aug-2004 


Protocol Amendment 2 


5-Aug-2004 


Safety Report 


23-Aug-2004 


Safety Report 


23-Aug-2004 


Amgen teleconference 


21-Sep-2004 


Amgen phone contact 


28-Sep-2004 


Information Amendment 


12-Oct-2004 


Meeting Minutes from 29 September 2004 


29-Oct-2004 


Meeting Minutes from 09/21/2004 Telecon 


3-NOV-2004 


Annual Report 2004 


21-Dec-2004 


Information Amendment 


28-Jan-2005 


Amgen phone contact 


31-Jan-2005 


Response To Questions 


31-Jan-2005 


Amgen phone contact 


8-Feb-2005 


Amgen phone contact 


14-Feb-2005 


Amgen phone contact 


9-Mar-2005 


Protocol Amendment 1 


14-Mar-2005 


Type C Meeting Request 


21-Mar-2005 


Safety Report 


23-Mar-2005 


Safety Report 


28-Mar-2005 


Safety Report 


8-Apr-2005 


Safety Report 


14-Apr-2005 


Manufacturing change 


15-Apr-2005 


Safety Report 


25-Apr-2005 


Amgen phone contact 


28-Apr-2005 


Safety Report 


28-Apr-2005 


Safety Report 
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4-May-2005 


Safety Report 


5-May-2005 


Amgen phone contact 


6-May-2005 


Response to Questions of 21 APR 2005 


12-May-2005 


Briefing Document Phase III Study Design 


12-May-2005 


Safety Report 


19-May-2005 


Safety Report 


24-May-2005 


Agency Clinical & Statistical comments 


7-Jun-2005 


Safety Report 


9-Jun-2005 


Response To Questions of 21 APR 


15-Jun-2005 


Safety Report 


18-Jun-2005 


Type C Clinical Meeting 18 June 2005 


28-Jun-2005 


Protocol Amendment 1 


30-Jun-2005 


Information Amendment 


8-JUI-2005 


Safety Report 


22-JUI-2005 


Protocol Amendment 2 


18-Aug-2005 


Information Amendment 5 


2-Sep-2005 


Information Amendment 


27-Sep-2005 


Safety Report 


5-Oct-2005 


Response To Questions 24 May 2005 


12-Oct-2005 


Safety Report 


17-Oct-2005 


Safety Report 


18-Oct-2005 


Safety Report 


19-Oct-2005 


Information Amendment 


19-Oct-2005 


Safety Report 


20-Oct-2005 


Safety Report 


25-OCt-200o 


Information Amendment 


26-Oct-2005 


Safety Report 


3-NOV-2005 


Safety Report 


11-NOV-2005 


Safety Report 


15-NOV-2005 


Safety Report 


16-NOV-2005 


Safety Report 


17-NOV-2005 


Safety Report 


18-NOV-2005 


Safety Report 


21-NOV-2005 


Safety Report 


30-NOV-2005 


Safety Report 


6-Dec-2005 


Safety Report 


9-Dec-2005 


Safety Report 


12-Dec-2005 


Annual Report 24 June 2004 - 23 June 2005 


15-Dec-2005 


Protocol Amendment 


20-Dec-2005 


Switch to eCTD Format 


23-Dec-2005 


Safety Report 


23-Dec-2005 


Safety Report 


4-Jan-2006 


Safety Report 


6-Jan-2006 


Protocol Amendment 1 


17-Jan-2006 


Safety Report 


20-Jan-2006 


Safety Report 


25-Jan-2006 


Protocol Amendment 
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30-Jan-2006 


Type C Meeting Request 


31-Jan-2006 


Safety Report 


2-Feb-2006 


Safety Report 


3-Feb-2006 


Meeting Request 


3-Feb-2006 


Safety Report 


9-Feb-2006 


Safety Report 


14-Feb-2006 


Safety Report 


15-Feb-2006 


Protocol Amendment 


17-Feb-2006 


Safety Report 


22-Feb-2006 


Safety Report 


23-Feb-2006 


Safety Report 


24-Feb-2006 


Safety Report 


28-Feb-2006 


Protocol Amendment 


3-Mar-2006 


Safety Report 


6-Mar-2006 


Safety Report 


13-Mar-2006 


Information Amendment 


15-Mar-2006 


Safety Report 


17-Mar-2006 


Safety Report 


21-Mar-2006 


Information Amendment 


24-Mar-2006 


Briefing Document for Meeting scheduled 24 April 2006 


24-Mar-2006 


Safety Report 


29-Mar-2006 


Safety Report 


31-Mar-2006 


Safety Report 


3-Apr-2006 


Withdrawal of Type C CMC Meeting Request 


6-Apr-2006 


Re-submission of non-clinical documents 


7-Apr-2006 


Safety Report 


12-Apr-2006 


Safety Report 


14-Apr-2006 


Information Amendment 


18-Apr-2006 


Safety Report 


20-Apr-2006 


Response To Questions 


21-Apr-2006 


Information Amendment 


28-Apr-2006 


Protocol Amendment 


2-May-2006 


Safety Report 


5-May-2006 


Information Amendment 


8-May-2006 


Safety Report 


12-May-2006 


Protocol Amendment 


15-May-2006 


Safety Report 


18-May-2006 


Protocol Amendment 


22-May-2006 


Safety Report 


24-May-2006 


Response To Questions 


25-May-2006 


Tox reports Studies 


25-May-2006 


Safety Report 


2-Jun-2006 


Safety Report 


8-Jun-2006 


Information Amendment 


8-Jun-2006 


Safety Report 


21-Jun-2006 


Annual Report 2006 06-24-2005 thru 03-24-2006 
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29-Jun-2006 


Safety Report 


11-JUI-2006 


Safety Report 


17-JUI-2006 


Safety Report 


19-Jul-2006 


Safety Report 


27-Jul-2006 


Safety Reports 


28-Jul-2006 


Protocol Amendment 


28-Jul-2006 


General Correspondence 


9-Aug-2006 


Protocol Amendment 


10-Aug-2006 


Safety Report 


11-Aug-2006 


General Correspondence 


23-Aug-2006 


Safety Report 


25-Aug-2006 


Amgen fax Type C Meeting Request Draft 


31-Aug-2006 


Safety Report 


1-Sep-2006 


Protocol Amendment 


8-Sep-2006 


Safety Report 


12-Sep-2006 


Safety Report 


15-Sep-2006 


General Correspondence - Type C Meeting Request 


21-Sep-2006 


Information Amendment 


5-Oct-2006 


Safety Report 


11-Oct-2006 


Safety Report 


11-Oct-2006 


Protocol Amendment 


8-N0V-2OO6 


Briefing Document for Type C Meeting 


IO-N0V-2OO6 


Protocol Amendment 


I3-N0V-2OO6 


Protocol Amendment 


I7-N0V-2OO6 


Safety Report 


22-N0V-2OO6 


Safety Report 


28-NOV-2006 


Amgen email premeeting comments 


1-Dec-2006 


Amgen email request for information 


7-Dec-2006 


Safety Report 


7-Dec-2006 


Safety Report 


8-Dec-2006 


Amgen email 


8-Dec-2006 


Type C CMC Meeting 


11-Dec-2006 


Safety Report 


15-Dec-2006 


General Correspondence 


20-Dec-2006 


Response to Questions pre-clinical study reports - 16 November 2006 


21-Dec-2006 


Amgen email regarding 08 December 2006 Meeting Minutes 


22-Dec-2006 


Safety Report 


3-Jan-2007 


Safety Report 


4-Jan-2007 


Safety Reports 


8-Jan-2007 


Amgen email regarding Informed Consent submitted 


9-Jan-2007 


General Correspondence Meeting Minutes 8 Dec. 2006 


16-Jan-2007 


Safety Report 


18-Jan-2007 


Safety Report 


23-Jan-2007 


Safety Report 


30-Jan-2007 


Amgen email 


31-Jan-2007 


Amgen phone 


31-Jan-2007 


Safety Report 
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31-Jan-2007 


General Correspondence 


13-Feb-2007 


Safety Report 


15-Feb-2007 


Safety Report 


21-Feb-2007 


Protocol Amendment 


27-Feb-2007 


Safety Report 


1-Mar-2007 


Safety Report 


2-Mar-2007 


Information Amendment Plan 


16-Mar-2007 


Amgen email 


19-Mar-2007 


Information Amendment Plan 


20-iviar-2007 


Safety Report 


22-Mar-2007 


General Corre^nondence 




Safptu Rpnnrt 
ocuciy r\c[jwi I 


22-Mar-2007 


Amgen email and phone conversation 


30-Mar-2007 


Safety Report 


3-Apr-2007 


Protocol Amendment Data 


4-Apr-2007 


Safety Report 


3-Apr-2007 


Amgen contact 


4-Apr-2007 


General Correspondence 


11-Apr-2007 


Safety Report 


17-Apr-2007 


Safety Report 


18-Apr-2007 


Protocol Amendment 


18-Apr-2007 


Safety Report 


20-Apr-2007 


General Correspondence 


24-Apr-2007 


Safety Report 


25-Apr-2007 


Safety Report 


30-Apr-2007 


Safety Report 


1-May-2007 


Safety Report 


4-May-2007 


Amgen Record of Contact Preliminary Questions regarding 6 June 2007 Meeting 


4-May-2007 


Safety Report 


8-May-2007 


Safety Report 


8-May-2007 


Briefing Document Type C Meeting 6 June 2007 


10-May-2007 


Safety Report 


1-Jun-1007 


Information Amendment 


22-May-2007 


Safety Report 


23-May-2007 


Safety Report 


24-May-2007 


Information Amendment 


29-May-2007 


Information Amendment 


29-May-2007 


Safety Report 


6-Jun-2007 . 


Type C Meeting Teleconference 


6-Jun-2007 


Safety Report 


6-Jun-2007 


Safety Report 


14-Jun-2007 


Response To Questions from Agency 


13-Jun-2007 


Safety Report 


20-Jun-2007 


Annual Report 2006 03-25-2006 thru 03-23-2007 & stability data 


19-Jun-2007 


Meeting Minutes from 06 June 2007 Type C Meeting 


20-Jun-2007 


General Correspondence 
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21-Jun-2007 


Protocol Amendment 


21-Jun-2007 


Safety Report 


22-Jun-2007 


Protocol Amendment 


25-Jun-2007 


Safety Report 


3-JUI-2007 


Safety Report 


IO-Jul-2007 


Safety Report 


11-JUI-2007 


Safety Report 


12-JUI-2007 


Protocol Amendment 


12-JUI-2007 


Safety Report 


13-JUI-2007 


Safety Report 


16-JUI-2007 . 


Safety Report 


24-JUI-2007 


Information Amendment 


23-JUI-2007 


Safety Report 


.24-JUI-2007 


Safety Report 


27-JUI-2007 


Protocol Amendment 


26-JUI-2007 


Safety Report 


3-Aug-2007 


Safety Report 


7-Aug-2007 


Safety Report 


17-Aug-2007 


Protocol Amendment 


21-Aug-2007 


Safety Report 


28-Aug-2007 


Information Amendment 


28-Aug-2007 


General Correspondence 


24-Aug-2007 


Safety Report 


28-Aug-2007 


Safety Report 


30-Aug-2007 


Safety Report 


5-Sep-2007 


Information Amendment 


6-Sep-2007 


Safety Report 


12-Sep-2007 


Safety Report 


21-Sep-2007 


Safety Report 


13-Sep-2007 


Safety Report 


14-Sep-2007 


Response to Questions 


14-Sep-2007 


Safety Report 


18-Sep-2007 


Safety Report 


20-Sep-2007 


Safety Report 


25-Sep-2007 


Safety Report 


28-Sep-2007 


Safety Report 


1-Oct-2007 


Safety Report 


2-Oct-2007 


Protocol Amendment 


2-Oct-2007 


Safety Report 


3-Oct-2007 


Safety Report 


4-Oct-2007 


Safety Report 


10-Oct-2007 


Safety Report 


11-Oct-2007 


Safety Report 


12-Oct-2007 


Safety Report 


15-Oct-2007 


General Correspondence 


15-Oct-2007 


Safety Report 


16-Oct-2007 


Safety Report 
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17-Oct-2007 


Safety Report 


18-Oct-2007 


Safety Report 


18-Oct-2007 


Safety Report 


22-Oct-2007 


Safety Report 


26-Oct-2007 


Safety Report 


23-Oct-2007 


Safety Report 


24-Oct-2007 


Safety Report 


1-NOV-2007 


Safety Report 


5-NOV-2007 


Information Amendment 


7-NOV-2007 


Safety Report 


8-NOV-2007 


Safety Report 


9-NOV-2007 


Protocol Amendment 


13-NOV-2007 


Safety Report 


19-NOV-2007 


General Correspondence - Type C Meeting Request 


14-NOV-2007 


Safety Report 


19-NOV-2007 


Safety Report 


20-NOV-2007 


Safety Report 


27-NOV-2007 


Safety Report 


28-NOV-2007 


Safety Report 


29-NOV-2007 


Safety Report 


30-NOV-2007 


Safety Report 


7-Dec-2007 


Information Amendment 


7-Dec-2007 


Protocol Amendment 


5-Dec-2007 


Safety Report 


6-Dec-2007 


Safety Report 


19-Dec-2007 


General Correspondence Briefing Document 


11-Dec-2007 


Safety Report 


13-Dec-2007 


Protocol Amendment 


13-Dec-2007 


Safety Report 


18-Dec-2007 


Safety Report 


19-Dec-2007 


Safety Report 


20-Dec-2007 


Safety Report 


21-Dec-2007 


Safety Report 


2-Jan-2008 


Safety Report 


3-Jan-2008 


Safety Report 


8-Jan-2008 


Information Amendment 


8-Jan-2008 


Information Amendment 


8-Jan-2008 


Safety Report 


11-Jan-2008 


Information Amendment 


10-Jan-2008 


Safety Report 


15-Jan-2008 


Safety Report 


18-Jan-2008 


Safety Report 


25-Jan-2008 


General Correspondence 


23-Jan-2008 


Safety Report 


24-Jan-2008 


Safety Report 


25-Jan-2008 


Safety Report 


29-Jan-2008 


Safety Report 
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30-Jan-2008 


Safety Report 


31-Jan-2008 


Safety Report 


4-Feb-2008 


Safety Report 


5-Feb-2008 


Type C Meeting Teleconference 


5-Feb-2008 


Safety Report 


12-Feb-2008 


Protocol Amendment 


6-Feb-2008 


Safety Report 


7-Feb-2008 


Safety Report 


11-Feb-2008 


Safety Report 


13-Feb-2008 


General Correspondence Meeting Minutes 5 February 2008 


12-Feb-2008 


Safety Report 


13-Feb-2008 


Safety Report 


14-Feb-2008 


Safety Report 


. 18-Feb-2008 


Safety Report 


20-Feb-2008 


Safety Report 


26-Feb-2008 


Protocol Amendment 


26-Feb-2008 


Safety Report 


27-Feb-2008 


Safety Report 


28-Feb-2008 


Safety Report 


29-Feb-2008 


Safety Report 


12-Mar-2008 


Information Amendment 


11-Mar-2008 


Safety Report 


13-Mar-2008 


Safety Report 


17-Mar-2008 


Safety Report 


19-Mar-2008 


Information Amendment 


21-Mar-2008 


Safety Report 


25-Mar-2008 


Safety Report 


25-Mar-2008 


Information Amendment 


26-Mar-2008 


Safety Report 


27-Mar-2008 


Safety Report 


31-Mar-2008 


Safety Report 


2-Apr-2008 


Safety Report 


22-Apr-2008 


General Correspondence Type B CMC Meeting Request 


9-Apr-2008 


Safety Report 


11-Apr-2008 


Protocol Amendment 


11-Apr-2008 


General Correspondence 


17-Apr-2008 


Information Amendment 


16-Apr-2008 


Safety Report 


17-Apr-2008 


Safety Report 


24-Apr-2008 


Safety Report 


1-May-2008 


Protocol Amendment 


29-Apr-2008 


Safety Report 


1-May-2008 


Safety Report 


5-May-2008 


General Correspondence-Cross Reference to IND 9838 Safety Response to Questions 


7-May-2008 


Safety Report 


9-May-2008 


Information Amendment 


13-May-2008 


Information Amendment 
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16-May-2008 


General Correspondence 


23-May-2008 


Safety Report 


27-May-2008 


Safety Report 


29-May-2008 


Information Amendment 


29-May-2008 


Information Amendment 


30-May-2008 


Safety Report 


3-Jun-2008 


General Correspondence 


4-Jun-2008 


Safety Report 


13-Jun-2008 


General Correspondence Pre-BLA Meeting Request 


11-Jun-2008 


Safety Report 


17-Jun-2008 


Safety Report 


19-Jun-2008 


Safety Report 


20-Jun-2008 


Annual Report 2008 03-24-2007 thru 03-24-2008 


19-Jun-2008 


Safety Report 


27-Jun-2008 


General Correspondence 


9-Jul-2008 


Safety Report 


16-JUI-2008 


Information Amendment 


16-JUI-2008 


General Correspondence 


18-JUI-2008 


General Correspondence 


21-JUI-2008 


Safety Report 


22-JUI-2008 


Information Amendment 


30-JUI-2008 


General Correspondence 


25-JUI-2008 


General Correspondence 


29-JUI-2008 


Safety Report 


29-JUI-2008 


Type B Pre BLA CMC Meeting Follow-up Teleconference 


1-Aug-2008 


General Correspondence 


4-Aug-2008 


Information Amendment 


3-Aug-2008 


Safety Report 


25-Aug-2008 


Information Amendment 


26-Aug-2008 


Safety Report 


3-Sep-2008 


Protocol Amendment 


3-Sep-2008 


Safety Report 


4-Sep-2008 


General Correspondence 


5-Sep-2008 


Safety Report 


11-Sep-2008 


General Correspondence Type B Pre-BLA Briefing Document 


15-Sep-2008 


Safety Report 


19-Sep-2008 


Safety Report 


22-Sep-2008 


Protocol Amendment 


22-Sep-2008 


Safety Report 


29-Sep-2008 


Information Amendment 


. 16-Oct-2008 


Safety Report 


21-Oct-2008 


Type B Pre-BLA Meeting 


24-Oct-2008 


General Correspondence Type B Pre-BLA Meeting Minutes 21 October 2008 


27-Oct-2008 


General Correspondence 


30-Oct-2008 


Information Amendment 


6-N0V-2OO8 


Safety Report 


I8-N0V-2OO8 


General Correspondence 
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19-NOV-2008 


General Correspondence 


3-Dec-2008 


Safety Report 


11-Dec-2008 


General Correspondence 


12-Dec-2008 


Information Amendment 


19-Dec-2008 


BLA 125320/0/0 


16-Dec-2008 


Safety Report 


30-Dec-2008 


Safety Report 


7-Jan-2009 


General Correspondence 


15-Jan-2009 


General Correspondence 


16-Jan-2009 


Safety Report 


22-Jan-2009 


General Correspondence 


29-Jan-2009 


General Correspondence 


5-Feb-2009 


Safety Report 


9-Feb-2009 


General Correspondence 


20-Feb-2009 


General Correspondence 


23-Feb-2009 


Information: Clinical safety report notifications 


26-Feb-2009 


Information Amendment 


3-Mar-2009 


General Correspondence 


3-Mar-2009 


Safety Report 


10-Mar-2009 


Information Amendment 


18-Mar-2009 


Protocol Amendment 


20-Mar-2009 


Protocol Amendment 


3-Apr-2009 


Type C Meeting Briefing Document 


24-Mar-2009 


Safety Report 


6-Apr-2009 


Protocol Amendment 


2-Apr-2009 


Safety Report 


8-Apr-2009 


Safety Report 


14-Apr-2009 


Safety Report 


16-Apr-2009 


Safety Report 


20-Apr-2009 


. Safety Report 


24-Apr-2009 


Safety Report 


28-Apr-2009 


Protocol Amendment 


5-May-2009 


Safety Report 


13-May-2009 


Quarterly Safety Update Report 


19-May-2009 


Information Amendment 


19-May-2009 


Safety Report 


29-May-2009 


General Correspondence 


3-Jun-2009 


Type C Meeting -MOP 


3-Jun-2009 


General Correspondence 


2-Jun-2009 


Safety Report 


11-Jun-2009 


Safety Report 


22-Jun-2009 


Annual Report 2009 03-24-2008 thru 03-24-2009 


18-Jun-2009 


Safety Report 


22-Jun-2009 


General Correspondence 


23-Jun-2009 


Safety Report 


7-JUI-2009 


General Correspondence 


29-Jun-2009 


Safety Report 
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7-JUI-2009 


Safety Report 


13-JUI-2009 


General Correspondence 


13-Jul-2009 


Safety Report 


22-JUI-2009 


Protocol Amendment 


30-JUI-2009 


Information Amendment 


4-Aug-2009 


General Correspondence 


23-JUI-2009 


Safety Report 


23-JUI-2009 


General Correspondence 


4-Aug-2009 


Safety Report 


2-Sep-2009 


Safety Report 


7-Aug-2009 


Safety Report 


12-Aug-2009 


Quarterly Safety Update Report 


20-Aug-2009 


Safety Report 


25-Aug-2009 


Safety Report 


1-Sep-2009 


Safety Report 


4-Sep-2009 


Safety Report 


21-Sep-2009 


Information Amendment 


10-Sep-2009 


Safety Report 


16-Sep-2009 


Safety Report 


17-Sep-2009 


Safety Report 


18-Sep-2009 


General Correspondence 


22-Sep-2009 


Safety Report 


25-Sep-2009 


Safety Report 


29-Sep-2009 


Safety Report 


1-Oct-2009 


Safety Report 


8-Oct-2009 


Safety Report 


13-Oct-2009 


Safety Report 


14-Oct-2009 


Safety Report 


20-Oct-2009 


Safety Report 


21-Oct-2009 


Safety Report 


22-Oct-2009 


Safety Report 


29-Oct-2009 


Safety Report 


4-NOV-2009 


Quarterly Safety Update Report 


3-NOV-2009 


Safety Report 


5-NOV-2009 


Safety Report 


6-NOV-2009 


Safety Report 


13-NOV-2009 


Safety Report 


18-NOV-2009 


Safety Report 


19-NOV-2009 


Safety Report 


24-NOV-2009 


Information Amendment 


23-NOV-2009 


Safety Report 


25-NOV-2009 


Safety Report 


4-Dec-2009 


Safety Report 


7-Dec-2009 


Safety Report 


16-Dec-2009 


Safety Report 


18-Dec-2009 


Safety Report 


22-Dec-2009 


Safety Report 
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23-Dec-2009 


Safety Report 


5-Jan-2010 


Safety Report 


11-Jan-2010 


Safety Report 


15-Jan-2010 


Safety Report 


20-Jan-2010 


Safety Report 


22-Jan-2010 


Safety Report 


26-Jan-2010 


Safety Report 


2-Feb-2010 


Safety Report 


11-Feb-20010 


Quarterly Safety Update Report 


9-Feb-2010 


General Correspondence 


8-Feb-2010 


Safety Report 


9-Feb-2010 


Safety Report 


11-Feb-2010 


Information Amendment 


15-Feb-2010 


Safety Report 


16-Feb-2010 


General Correspondence 


16-Feb-2010 


Safety Report 


19-Feb-2010 


Safety Report 


25-Feb-2010 


Safety Report 


2-Mar-2010 


General Correspondence 


5-Mar-2010 


Response to Questions: Statistical Analysis Plan 


10-Mar-2O1O 


Safety Report 


24-Mar-2010 


Safety Report 


1-Apr-2010 


Safety Report 


5-Apr-2010 


Information Amendment CMC 


6-Apr-2010 


Safety Report 


8-Apr-2010 


Safety Report 


12-Apr-2010 


Safety Report 


.14-Apr-2010 


Safety Report 


20-Apr-2O1O 


Safety Report 


29-Apr-2010 


General Correspondence 


27-Apr-2010 


Safety Report 


5-May-2010 


Quarterly Safety Update Report 


30-Apr-2010 


Information Amendment 


4-May-2010 


Safety Report 


21-May-2010 


Safety Report 


28-May-2010 


Safety Report 


1-Jun-2010 


BLA Approved 
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